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There are still many points unknown in regard to the problem of 
complement. Especially in regard to skin diseases there is hardly any 
observation, there being only the report by Watanabe! that by studying 
a case each of urticaria and dermatitis medicamentosa and several cases 
of latent syphilis there were observed no changes. In order to learn about 
the behavior of the complement during allergic skin diseases the author 
made the following observations. 


EXPERIMENTAL 


Material and Method 


As a rule the serum to be tested was obtained once a week from the 
time of the first examination but in a few cases, as specially mentioned in 
the table, this rule was not followed. The material was preserved in an 
ice box immediately after obtaining the blood and was used in the experi- 
ment within 24 hours. The hemolytic system was 5 units per 0.25 cc. of 
2% suspension prepared according to Ogata’s?) method. 

The process of determination of the complement activity was as fol- 
lows: as a preliminary experiment to determine the degree of dilution, in 
the case when using 10 test tubes, in order to obtain the degree of dilution 
where complete hemolysis is seen in the 5th to 8th test tube, tests were 
made on 1:5, 1:10, 1:20 and 1:30 diluted normal human sera. The 
1:20 dilution is thought as being the suitable dilution this dilution was 
used in the experiments below. First, the serum was diluted 1:20 with 
magnesium saline solution (0.167 gm. of Magnesium chloride contained in 
1,000 cc. of physiologic saline). This diluted serum was divided into 10 
test tubes and to these tubes sensitized cells and magnesium saline solution 
were added, mixed and put in an incubator at 37°C, shaking occasionally, 
and the result was read 30 minutes later. 
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According to the degree of hemolysis this result was divided and 
recorded into the following 7 gradations: (3) Complete hemolysis—the 
occurrence of complete hemolysis, the solution being transparent like a red 
ink; (3’) Signifies the occurrence of hemolysis almost completely but there 
is a little turbidity, the electric light appearing obscure; (2) Strong hemo- 
lysis—the hemolysis is fairly strong, the objects on the opposite side appearing 
vaguely through the solution ; (2’) Moderate hemolysis—the solution shows 
a fairly red color but the objects on the opposite side can not be seen at all ; 
(1) Weak hemolysis—the blood is opaque but shows a redder color thar 
that which is completely opaque; (1’) That with a hemolysis we: 
than in (1) ; (0) Non hemolytic—that in which it is completely non hemo- 
lytic and the supernatant is completely colorless. The number of the test 
tube described in the following means that of Complete hemolysis (3). 


Results 


1) Observation of the Normal human adult complement activity over a long 
period. The complement activity was measured on 20 normal adults for 
one year, once weekly the first two months and thereafter once monthly. 
Of the total of 337 examinations, the case in which 3) corresponds to the 
7th test tube (0.2 cc. of 1:20 dilution) was recorded 178 times, to the 
6th test tube (0.25 cc. of 1:20 dilution) 124 times, to the 8th test tube 
(0.15 cc. of 1:20 dilution) 28 times, and to the 5th test tube (0.3 cc. of 
1:20 dilution) 7 times. In regard to the fluctuation of the complement 
activity in individuals, in 2 persons it varied between test tubes 5th and 
7th, in 12 persons between 6th and 7th, in 2 persons it remained always 
at the 7th test tube, and in 4 persons it varied between the 6th and the 
8th, the complement activity of 18 of 20 persons fluctuating between the 
interval of 1 or 2 test tubes and that of the other 2 persons remaining always 
constant. As described above, although there are some individual dif- 
ferences, the complement activity of normal adults lies between test tube 
5th-8th and furthermore the majority is between test tubes 6th—7th, there 
being recognized no seasonal influence on the complement activity. 

2) Behavior of the complement activity in non-allergic skin diseases. There 
was recognized no abnormal fluctuation in all cases of dermatitis sebor- 
rhoides, lichen Vidal, parakeratosis variegata, parapsoriasis guttata, 
trichophytia pompholyciformis, pernio, combustio bullosa, pruritus cuta- 
neus, alopecia areata and vitiligo vulgaris. 

3) Behavior of the complement activity in allergic skin diseases. a) Diseases 
with no fluctuation of complement activity. No fluctuation of the com- 
plement activity was observed in purpura simplex (2 cases), contact der- 
matitis (5 cases), prurigo Besnier (1 case), lichen urticatus (4 cases), and 
erythema annulare centrifugum Darier (1 case). 
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b) Diseases with decrease of complement activity. Of the 12 cases 
of urticaria acuta (Table I), in 10 cases of dietary urticaria the complement 
activity during eruption was low showing, respectively, a hemolysis up to 
below test tube Ist, below test tube Ist, Ist, 2nd, 2nd, 3rd, 3rd, 5th, 4th 
and 5th, but is returns to normal with healing or prior to healing. In the 
remaining 2 cases of unknown cause no special changes are recognizable. 
In 2 of the 4 cases of urticaria chronica (Table II) the complement activity 
was somewhat low during eruption and in the remaining 2 cases it was, 
respectively, below test tube Ist and test tube 3rd, showing clearly a low 
activity during eruption. In one of 2 cases of acute eczema (Table III) 
the complement activity was somewhat low remaining as test tube 5th and 
in the remaining one case of generalized eczema there was no change. In 
2 of the 6 cases of eczema chronicum the complement activity was some- 
what low during exacerbation and the other 4 cases were within normal 
range value. In the 3 cases of dietary toxicodermia (Table IV) the com- 
plement activity showed values of the 5th, 5th, and 5th test tube, respec- 
tively, during eruption and returned to the normal value of the 7th, 7th, 
and 6th test tube, respectively, with the disappearance of the eruption. 
Of the 3 cases of drug rashes (Table IV), in the one case of penicillin rash 
the complement activity was low, being below the Ist test tube, during 
eruption but during the interval of six examinations the value gradually 
inereased, returning to normal with recovery. In the one case of tetanus 
serum rash the complement activity was low, being below the Ist test 
tube, during the acome of the eruption but it gradually increased with 
the disappearance of the eruption. In the one case of streptomycin rash, 
though it was a mild form, there was no change recognized in the com- 
plement activity. In the 5 cases of tuberculosis cutis indurative Bazin 
(Table V), the complement activity as the time of the first examination 
was, respectively, below the Ist, below the Ist, lst, 2nd, and 4th test tube, 
all cases showing a markedly low value but it incereased gradually according 
to the improvement of the symptoms, the complement activity returning 
to normal in 4 cases with the amelioration of the diseases. In one of the 
3 cases of erythema nodosum (Table VI), the complement activity was 
zero, showing the disappearance of the complement, but with the im- 
provement of the symptoms hemolytic reaction reappeared, finally return- 
ing to the normal value. In the other 2 cases also the complement activity 
was low at the beginning of the disease. In one of the 3 cases of erythema 
exsudativum multiforme (Table VI) the complement activity was within 
normal range and in the other 2 cases it was low during the eruption. In 
both cases of erythematodes (Table VI) the complement activity was low 
and in one case of chronic discoid type it was as low as at the 4th test tube 
as the beginning of the disease but it increased gradually parallel with the 
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TABLE 
Urticaria 
Amoy No. of test tubes I II Ill IV Vv 
nt of serum | ————__—_—_—— — 

(Sex), Age, (Gauss of examinage | 05 045 O04 403 0.3 
F. C. (m) I 3 3 3 2 2 
30 II 3 3 3 3 3 
(due to mackerel) III 3 3 3 3 3 
O. T. (m) I 3 3 3 3 3 
23 II Ms 3 3 3 3 
(due to lobster) III 3 3 3 3 3 
x ¥,.@ I 3 3 3 g 2 
6 II 3 3 3 3 2 
(due to whale flesh) III 3 $ 3 3 3 
M. S. (f) I 3 2 = 2 | 
33 II 3 3 2 2 1 
(due to fried oyster) III 3 3 s 3 3 
T. M. (f) I I 0 0 0 0 
12 II 3 3 3 3 3 

(due to mackerel) 
xX. ¥. @) I 2 2 1 1 1 
23 II 3 3 Z 2 2 
(due to fried oyster) III 3 3 2 3 3 
E. tT. © I 3 3 3 3 7 
28 II 3 3 3 s 2 
(due to cuttlefish) III 3 3 a b 3 
IV $ 3 3 3 3 
Vv 3 3 3 3 3 
HT: I 3 3 ¥ 3’ 2 
37 Il 3 3 3 $ 3 

(due to flesh) 

I. H. (m) I 3 3 3 dl 2 
8 1T 3 3 3 3 3 
(due to whale flesh) III 3 3 3 3 3 
F. K. (f) I 3 3 2 2 2 
16 II 3 3 2 2 2 
(due to cuttlefish) Ill 3 3 3 3 3 
IV 3 3 3 3 3 
V 3 3 $ 3 3 
Ss. ¥. Gn) I 3 3 3 3 3 
34 II 3 3 3 ~ 3 
(cause unknown) III 3 3 $ 3 3 
H. C. @) I 3 3 3 3 3 
26 II 3 3 3 3 3 
3 § 3 3 


(cause unknown) 
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Remarks 


Plenty of wheals 
Plenty of wheals (after 1 day) 
Healed (afer 1 day) 


Plenty of wheals 
Wheals reduced (after 1 day) 
Healed (after 1 day) 


Plenty of wheals 
Wheals almost disappeared 
Healed 


Plenty of wheals 
Plenty of wheals (after 1 day) 
Wheals almost disappeared (after 1 day) 


Plenty of wheals 
Healed 


Plenty of wheals 
Wheals rather reduced (after 1 day) 
Healed (after 2 days) 


Plenty of wheals 

Eruptions sometimes appeared, sometimes 
vanished 

Wheals almost vanished 

Healed 

Healed 


Plenty of wheals 
After one day (healed) 


Plenty of wheals 
Wheals almost disappeared 
Healed 


Plenty of wheals 

After 2 days apparently healed 

Wheals appeared again 

After 1 day wheals almost disappeared 

After 2 days healed 

Plenty of wheals 

Wheals sometimes appeared, sometimes 
vanished 


Healed 


Plenty of wheals 
After 3 days wheals almost disappeared 
After 5 days of interval healed 
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TABLE 


Urticaria 


a No. of test tubes I II III IV Vv 
Name, Amount of seru 
f 




















(Sex), Age 20 &xaminatio, im (c.c.) 0.5 0.45 0.4 0.35 0.3 
K. T. (f) | I 3 3 3 3 

36 Il 3 3 3 3 3 

, | I 3 3 3 3 3 

U. (m) ll 3 3 3 3 3 

| Ill | 3 3 3 3 3 

T. T. | I | 3 3 3 3 2 

55 | II | 3 3 3 3 2 

H. S. (m) | i ° ° ° “ ° 

” | II 3 3 3 3 2 


improvement of the symptoms, returning to normal with recovery. How- 
ever, in the one case of acute disseminated type it remained at below the 
Ist test tube. 


SUMMARY AND DIscussIONn 


In summarizing and comparing the results obtained by the author 
with those by the predecessors, it is as follows: There is hardly any seasonal 
fluctuation of the complement activity in normal person, a fact coinciding 
with the results by Schuchardt®), Traub‘), Watanabe’. Of the skin 
diseases, in the non-allergic skin diseases the complement activity was normal 
in all cases. However, it is different in the case of allergic skin diseases. 
Those showing decrease of complement activity in all or in the majority 
of the cases tested were: All 10 toxic cases of acute urticaria, all cases 
of chronic urticaria during eruption, all cases of dietary toxicodermia, 
2 of 3 cases of drug rashes, all cases of tuberculosis cutis indurativa Bazin, 
erythema nodosum, and erythematodes, 2 of 3 cases of erythema exsuda- 
tivum multiforme. In these cases the complement activity decreased 
during the acme of the disease and returned to normal with the improve- 
ment of the symptoms. In acute and chronic eczema the fluctuation of 
the complement activity was inconstant but in purpura simplex, acute 
urticaria of unknown cause, lichen urticatus, contact dermatitis, prurigo 
Besnier, erythema annulare centrifugum Darier such findings could not 
be observed. In other words, the author believes that the accompaniment 
of the fluctuation of the complement activity in some of the allergic skin 
diseases is an unquestionable fact even from the fact that the course of the 
disease coincides with the fluctuation of the complement activity. 
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II 
Chronica 
VI “Vir VOY “Ix hectare 
Remarks 
0.25 O02 O15 O.1 0.05 | Control 
3 2 2 1 0 0 | 
3 2 2 l 0 o | 
3 3 2 1 0 0 | 
2 2 1 1 0 0 Plenty of wheals 
3 3 2 1 0 | 0 | 
2 ! 1 0 o | oO | Plenty of wheals 
2 2 1 0 0 0 | ai 
0 0 0 0 0 0 |. Plenty of wheals, (3) at the 3rd test tube 
by 10x diluted serum 
2 2 Z 1 0 0 Improved 


Generally speaking, in the allergic skin diseases as a whole the behavior 
of the complement can be said to be inconstant but all of the above skin 
diseases, showing a decrease of complement activity, are only those which 
should be considered as exerting a general influence. However, belonging 
to the group with no fluctuation are also those like purpura simplex in 
which the general influence should be considered, and, furthermore, as the 
number of cases under observation is small, in regard to the individual 
diseases it is premature to come to a conclusion that this relation exists. 

At any rate, in judging from the above results the relation between 
the allergic skin diseases and the complement activity is not specific, is 
might be a non-specific one. Even in studying the results of the pre- 
decessors, as opposed to the first experimental results by Ecker et al.,® it 
was stressed (Doerr®) that the decrease of the complement activity in, for 
example, vitamin C deficiency was caused by the lack of protein or lack 
of essential amino acid (Rose*), or by insufficient nutrition over a long 
duration (Cannon7’). Furthermore, it has been proved already by many 
authors that the disturbance of the liver function due to toxin causes a 
decrease of complement activity (Boyd®’). Together with the considera- 
tion that the fact that the diseases above mentioned are often accompanied 
by a decrease of liver function (Iwama’®?), should not the author’s inference 
be considered as being appropriate. 

However, at present when it can not be concluded that the organ where 
the complement is produced is the liver there might be room yet for further 
consideration in immediately relating the liver function to the amount 
of the complement production (Doerr!), Schmidt!?’). However, in the 
case of the allergic skin diseases which exerts a general influence on the 
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TABLE 


Eczema 



































g | = of test tubes 1 mW iI Vv 
an | L a 
5 | GGex), Age — : 05 045 O04 035 03 
| K. K. (f) I 3 3 3 3 3 
rE 37 II 3 3 3 3 3 
o 2 |————_—_——— — 
N 5 
S& N. M. (m) I 3 3 3 3 
55 ll 3 3 3 3 3 
| M. D. (m) I 3 3 3 3 
41 il 3 3 3 3 3 
T. S. (m) I 3 3 3 3 3 
II 3 3 3 3 3 
M. K. (m) I 3 3 3 3 3 
| Il 3 3 3 3 3 
| I 3 3 3 3 3 
eg | i 1 3 3 3 3 3 
& | lll 3 3 3 3 3 
§ a a ee 2 a — 
= | I 3 3 3 3 3 
3 | il 3 3 3 3 3 
g lll 3 3 3 3 3 
g | I. F. (m) :; 
S| 56 IV 3 3 3 3 3 
Vv 3 3 3 3 3 
VI 3 3 3 3 3 
I 3 3 3 3 3 
| Il 3 3 3 3 3 
ie” (f) lll 3 3 3 3 3 
| IV 3 3 3 3 3 
V 3 3 3 3 3 





body, it is an unmistakable fact that in most cases there is a decrease of com- 
plement activity which returns to normal with the improvement of the 
symptoms and the author has been able to prove that the anticipation that 
the increase and decrease of the complement activity may be related to the 
prognosis of the disease (Inoue!*’). Furthermore, the author wishes to 
infer that the reason for this phenomenon is related to the general attack 
of the body, especially to the liver function. 


CONCLUSION 


1. The serum complement activity of normal person is almost con- 


stant and there is observed no seasonal fluctuation. 
2. There is no accompaniment of the fluctuation of the complement 
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III 





VI VII «=OVIZIII IX xX XI 
= Remarks 





0.25 0.2 0.15 0.1 0.05 Control 
































2 2 2’ l 0 0 Localized on face 

3 2 2 l 0 0 Itching reduced 

3 3 3 a 0 0 Generalized eczema 

3 3 2 l 0 0 

3 3 2 1 0 0 Forehead and left cheek 

3 3 2 1 0 0 Improved 

3 3 2 1 0 0 Left thigh 

3 3 2 1 0 0 Improved 

3 if 2 1 0 0 Extremities and back 

3 2 2 1 0 0 

“ 2 2 1 0 0 Face and forearms 

3 J 2 1 0 0 

3 2 2 1 0 0 

3 3 3 a 0 0 Generalized form with thickening of skin 

3 b 2 1 0 0 

3 2 2 1 0 0 Back sides of hands and feet a little soft- 
ened 

3 3 3” Pg 0 0 Severe itching 

3 2 2 l 0 0 Infiltration and thickening of skin of 
forearms improved 

3 3 3 = 0 0 

2 2 1 1 0 0 Plenty of eruptions on the back sides of 
thighs 

2 2 1 0 0 

3 i 2 1 0 0 A little better 

3 sd 2 1 0 0 

3 2 z | 0 0 Eruptions appeared again on the back 


side of the hands and legs 


activity in the non-allergic skin diseases as dermatitis seborrhoides, lichen 
Vidal, parakeratosis variegata, parapsoriasis guttata, pruritus cutaneus, 
trichophytia pompholyciformis, pernio, combustio bullosa, alopecia areata, 
and vitiligo vulgaris. 

3. Although the number of cases tested was small, there was observed 
no fluctuation of the complement activity in purpura simplex, contact 
dermatitis, prurigo Besnier, lichen urticatus, and erythema annulare cen- 
trifugum Darier. 

4. A decrease of complement activity was demonstrated in the 
majority of the cases of acute and chronic urticarias, acute and chronic 
eczemas, dietary toxicodermia and drug rashes, tuberculosis cutis indura- 
tiva Bazin, erythema nodosum, erythema exsudativum multiforme, and 








TABLE 









































Toxico- 
ee tttubes| TCU CIV OV 
‘| 5a ne Pere fee | 
A (Sex), Age, (Causey Lol examination ©) 05 045 04 035 03 

| 
| > 2 I , @& Se oe sy 
3 (due to salmon) II 3 3 3 3 3 
“camer eat as 
ES ¥- Me Ge) I ; Ss “@ “@ ‘y 
.- II 3 3 3 3 3 
Bo (due to mackerel) 
oC 
g ac 
& legs ~~ se 
(due to croquette) I 3 3 3 3 3 
I |. «© « «tt <3 
| Il 3 2 2 2 2 
| weg I | 3 . s “| ‘s 
— IV 3 3 3 3 3 
ms (due to penicillin) | V 3 3 3 3 3 
& | VI | 3 3 3 3 3 
a, | . 
S| H. Y. (f) I | 0 0 0 0 
2 10 | II i! te ce ts 
- | due to tet S-s | : 
A | (due to tetanus-serum) Ill | 3 3 3 9 9 
| — ——EE —EEE - = 
| Y. K. () I | 3 3 3 3 3 
29 II 3 3 S 3 3 
| (due to streptomycin) Ill 3 3 3 3 3 


acute and chronic erythematodes and the author was able to follow the com 
plement activity returning to normal with the improvement of the sym- 
ptoms. 

5. The author consideres the decrease of the complement activity to 
be a phenomenon accompanying the general attack on the body by the 
above diseases, and to be non-specific. 
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LE IV 
_— dermia 
a Vi Vil vir mx xX | xr | 
3 Remarks 
aa 0.25 0.2 0.15 0.1 0.05 | Control 
: a 2 2 1 0 | 0 | Plenty of eruptions 
3 3 z 1 0 | 0 | Eruptions almost disappeared 
_—— | 
: 2 2 2 1 0 0 Plenty of eruptions 
3 3 a | 0 0 | Healed 
- oe ay | na — 
3 rs 2 1 0 0 0 | Plenty of eruptions 
3 3° 2 1 0 0 | Healed 
: 1 1 1 0 0 0 | Plenty of eruptions 
9 l ] 1 0 0 Oo | ” 
3 2 2 ] l 0 0 
3 2 2 l | 0 0 
3 > 2 ] 0 0 0 Eruptions almost disappeared 
3 a 2 1 0 0 Healed 
0 0 0 0 0 0 0 Plenty of eruptions, (3) at the Ist test 
2 tube by 10x dilution. 
9 1 ] 0 0 | 0 | Eruptions almost disappeared 
2 1 | 0 | 0 | Healed 
: 3 3 2 | o | 0 Plenty of eruptions 
3 3 i 2 | 0 0 
5 9h 2 1 0 0 Healed 
-om 10) Iwama, Jap. J. of Dermat., 1938, 44, 254; 1940, 47, 26. 
ym- 11) Doerr, Die Immunittasforschg., Vol. II, Julius Springer, Wien, 1947, p. 54. 
12) Schmidt, Fortschritt d. Serologie, Verlag von Dr. Steinkopff, Darmstadt, 1953, p. 
y to 542-3. 
ue, Jap. J. ‘rmat., 1¢ 229. 
the 13) Inoue, Jap. J. Dermat., 1944, 55, ) 


bora- 


1943, 
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TABLE 


Tuberculosis Cutis 


























———__ ——,__No. of text tubes) Sine UF 
Name, ™ Amount of serum (c.c.) | 03 

_ ome, Age - ~ ol examination 7 0.5 0.45 0.4 0.35 0.3 

I 0 0 0 0 0 

O. K. (f) II 3 3 3 2 2 

61 iI 0 0 0 0 0 

IV 0 0 0 0 0 

I I l 0 0 0 

I. K. (f) II 3 2 2 2 2 

33 III 3 2 2 2 2 

IV 3 3 3 3 3 

I 3 3 2 2 2 

S. Y. (f) II 3 3 3 3 3 

18 ill 3 3 3 3 3 

IV 3 3 3 3 3 

. I 3 3 3 3 2 

wae (f) Il 3 3 3 3 3 

Ill 3 3 3 3 3 

I 3 3 2 2 2 

bat (f) Ul 3 3 3 3 3 

Ill 3 3 3 3 3 
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LE \ 
tie Indurativa Bazin 
——— | 
VI VII =OVIII IX x XE: 4 
me ———_——___—_— —__——_— Remarks 
0.25 0.2 0.15 0.1 0.05 | Control | 
_ 0 0 0 0 0 0 | (3) the at Ist test tube by 10x dilution 
Improved 
2 I ] 0 0 
0 0 0 0 0 0 Eruptions newly appeared, (3) at the Ist 
tube by 10x dilution 
0 0 0 0 0 0 | (3) at the Ist tube by 10x dilution 
_ 0 0 0 0 0 0 
2 l l 0 0 0 
2 1 ] 0 0 0 
3 3’ 2 1 0 0 
ai 2 I l 0 0 0 
3 3/ 2 l 0 0 Nodules became small, tenderness reduced. 
3 3” 2 1 0 0 
3 4 2 l 0 0 No pain by pressing 
- 2 2 l I 0 0 
bid Pa 2 l 0 0 Nodules became smaller 
3 3 3’ l 0 0 Pain reduced 
. I l l D 0 0 
3 3 3 2 0 0 Tenderness reduced 
3 3 i 0 0 Nodules not proven 
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TABLE 
Erythema 
g a No. of test tubes} ‘I eS ia ca ov 
§ Name, - Ount of sery 
z m (c.c.) | ; 
5 (Sex), Age “of examinaggo——-* | 05 045 04 035 03 
I | 9 0 0 0 0 
iat II 0 0 0 0 0 
g C. A (m) III 0 0 0 0 0 
= IV 3 3 3 3 3 
= V 3 3 3 3 3 
2 VI 3 3 3 3 3 
a | aed. a ees are 3 3 3 2 
= S. K. (m) Il A am 3 3 3 3 
2 49 Ill 3 3 3 3 3 
ees +e , acme 3 3 3 3 2 
K 3 (m) ll 3 3 3 3 3 
2 lll 3 3 3 3 3 
at 'S. H. (m) | I | 3 3 3 3 3 
Ss © | 4 
a2 1 | I = 3 3 3 3 
35 Pitseristnl 
2's les I ; + % 3 3 3 3 
a S. N. (m) ll | 3 3 3 3 3 
a & Ul Be 3 3 3 3 
oe | ent ae | = Bs 
ee M. S. (1) I -— <2, re eg x 
~ 16 Il | 3 3 3 3 
—— I | 3 3 3 3 3° 
I | 3g 3 3 3 3 
" il 3 3 3 3 3/ 
. T. Tr. (f) IV 3 3 3 3 37 
/ 
E Chronic discoid type “ : ; : : 
E VII 3 3 3 3 3 
4 VIII 3 3 3 3 3 
ze IX 3 3 3 3 3 
I ——EE ae —— — — — -_ 
U. T. (m) I 0 0 0 0 0 
sh ed II 0 0 0 0 0 
Acute type 














iad 
> 


=) 4 
© 


| 


Go OO 





3 
i 
3 , 
3 
S 
2 
2 
3 
0 
0 





Complement Activity in Allergic Skin Diseases 




































































VI 
Group 
VI VII VII Ix x XI | 
jae Remarks 
C3 02 0.15 0.1 0.05 | Control | 
0 0 0 0 0 0 0 at the Ist tube by not diluted serum 
Plenty of nodules on legs 
0 0 0 0 0 0 ” 
0 0 0 0 0 0 (1) at the Ist tube by not diluted serum 
2 Z | 1 0 0 Improved 
3 i 3 | 0 | 0 Pain reduced 
3 3 2 1 0 | 0 Nodules almost vanished 
2 2 1 1 0 0 
3 3 of 2 l 0 | 
3 3 3 4 0 0 Healed 
2 2 1 1 0 o | 
3 a 2 l 0 0 Pain reduced 
3 3 3 1 0 0 Nodules almost vanished 
3 3 3 a 2 0 Plenty of eruptions 
bs 3 3 A 0 | 0 Healed 
2 2 2 1 0 | 0 Plenty of eruptions 
3 kf 2 ] 0 | 0 
3 3 a z 0 0 | Healed 
2 2 2 l 0 0 | Pletny of eruptions 
3 3 3 0 0 | Eruptions almost disappeared 
zZ 2 l 0 0 o | A fingertip-big site near medial corner 
of right eye 
Z 2 l 0 0 0 After 40 days 
2 2 1 0 0 0 
2 2 ] 1 0 0 
3 3/ 2 1 0 0 After 11 days, improved 
3 2 1 1 0 0 After 11 days 
3 3 3 ] 0 O | After 24 days 
3 3 2 1 0 0 
S 3 z 1 0 | 0 | After 28 days 
—— 
0 0 0 0 | (1) at the Ist tube by 10x dilution 
0 0 0 o 4 ” 
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Incurable Latent Syphilis 
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Previously, we!) have been aware of the fact that if patients with in- 
curable latent syphilis were given P®* the WaR would fluctuate, but owing 
to the difficulty of obtaining P® only a brief preliminary report was pub- 
lished by us. Subsequently, data from clinical cases have been obtained 
by measuring the antibody titer using the quantitative method and the 
result will be reported herewith. 


EXPERIMENTAL 


Materials. 12 cases (4 with congenital syphilis, 1 with early syphilis, 
7 with late syphilis) treated with various antiluetic drugs but which did 
not respond to these treatments with a negative seroreaction in the past, 
were selected for this experiment. 

5 mc. of P® contained in a solution of H,P*O, (15 A-—P in the cata- 
logue of A.E.C.) was diluted in sterile distilled water so as to contain 1 mc. 
in 2 cc. and stored in ampules which were sterilized by boiling and provided 
for the experiment. 

Methods. 1 mc. of P® (half a dose was given to infant with congenital 
syphilis) was administered intravenously and blood was drawn from these 
cases in succession from the first day to the seventy fifth day following the 
injection and the fluctuation in the sero-reaction was observed by utilizing 
Ogata’s quantitative method”). 

Results. As shown in Table I, a remarkable degree of fluctuation in 
the sero-reaction was seen in the entire series. A detailed account of this 
observation is as follows: after injection of P*® a drop in the antibody titer 
ensued but returned to its original titer 4 to 7 days later in the majority 
of the cases and subsequently an increase was seen in | case with early 
syphilis and 5 cases with late syphilis. Although temporary, as a con- 
sequence of this injection there was a negative reaction in 2 cases with 
congenital syphilis and 2 with late syphilis respectively. And further, no 
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TABLE I 
Changes of Quantitative Sero-reaction after H3P®°O, 
Administration 





Seroreaction before and after H,P%2O, 
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untoward reaction occurred from the administration of this drug in any of 
these cases. 


SUMMARY AND DIscussIOoN 


In a previous report,!) when 0.5 mc. of P® was administered to 6 cases, 
the antibody titer fluctuated in 4 cases and there was no reaction in 2 
cases. In this present experiment, the amount of drug administered was 
doubled and adults were given 1 mc. (children 0.5 mc.) which caused a 
marked fluctuation in the antibody titer in the entire cases subjected to this 
experiment. From this fact, it was disclosed that in order to induce a 
fluctuation in the syphilitic sero-reaction, a fixed amount of P® is required. 

In a previous experiment on a case with late syphilis, not merely 
fluctuation in sero-reaction but swelling and tenderness in the liver and 
pain at the ends of the bones of the extremities developed, which was 
assumed to be biotropism induced by the function of P®. However, 
during the present experiment this phenomenon was not encountered. 
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Antibody Titer of Incurable Latent Syphilis 19 
CONCLUSION 

The effect of P®, when | mc. of this was administered to each of 12 
cases with latent syphilis (4 cases with congenital syphilis, 1 with early 
syphilis, 7 with late syphilis) resistant to various antisyphilitic therapy and 
which did not respond readily with a negative sero-reaction, was confirmed 
by observing the fluctuation in the antibody titer of the syphilitic sero- 

reaction in the entire series. 
This study was made possible through a fund granted by the Ministry 


of Education. We express our sincerest acknowledgement herewith. 
O. Miura 
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In a previous report, the authors!) have surmised a derangement of 
Treponema pallidum by administration of P*, based on the fact that P* is 
distributed throughout the body in accord with the dispersion of Tre- 
ponema pallidum in cases with latent syphilis. A fluctuation in their 
sero-reaction was observed on administration of P® to individuals with 
latent syphilis which did not respond readily to antiluetic therapy with 
negative sero-reactions. And further, an attempt was made to corroborate 
this phenomenon with late syphilis in rabbits. 

As difficulty in obtaining P* was encountered at that time, only a few 
cases were included in our preliminary report. Subsequently, experiments 
on animals have been carried out and the afore mentioned result confirmed 
and will be described as follows. 


EXPERIMENTAL 


Materials. Rabbits which presented a positive WaR 100 days to 12 
months following inoculation of Treponema pallidum into their testes were 
submitted as material for the test. Namely, 21 WaR positive rabbits were 
divided into 4 groups in which 4 rabbits were given HzPQ,, 3 were given 
procaine penicillin G, 4 were given P® and the remaining 10 were given 
penicillin following administration of P®. 

Identical as reported in a previous paper”, 5 mc. of P® contained in 
a solution of H,P**O, (15 A—P in the catalogue of A.E.C.) was diluted with 
20 cc. of sterile distilled water to represent 0.25 mc. in 1 cc. of this diluted 
solution and 1 cc. each of this solution was put up in ampules which were 
sterilized by boiling. 

H,PO, was also dissolved in water in a manner similer to the prepara- 
tion of H,P*O, to obtain a solution with a pH of 6.7. Procaine penicillin 
G (J.P. VI) was used in this experiment. 

Methods. 0.25 cc. per kg. of the control solution of H,PO, was injected 
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into the vein of the ear, 70,000 units per kg. of penicillin was injected into 
the buttock and 0.04 mc. of P® was injected into the vein of the ear. When 
a combined administration of P® and penicillin was performed, penicillin 
was administered 2 to 8 days following the injection of P® and in cases 
where a second injection of P** was given, this was administered 51 days 
after the initial dose of P?® (42 days subsequent to the injection of penicillin) 
and the respective doses were the same as aforementioned. 

The syphilitic sero-reaction test was performed after Ogata’s quantita- 
tive method®) and the period of observation was 60 to 73 days. 

Results. 1) The influence of HgPO, upon the syphilitic sero-reaction. 

No fluctuation in the antibody titer was observed in No. 3 and No. 4 
in which Nichols strain was inoculated before approximately 4 months. 
The former died 31 days and the latter 3 days after the injection of HzPQ,. 
The antibody titer fluctuated more or less in No. 1 with a lapse of about 
3 months following inoculation of a Kojimachi strain and in No. 2 which 
was inoculated with a Nichols strain 4 months prior (Table I). 


TABLE | 


Changes of Sero-reaction after H;PO, Administration in 





Rabbits 
: Quantitative sero-reaction before and 
Inoculation of H,PO, after H,PO, administration 
S Treponema administration (Units of antibody) 
7 pallidum Whi silacn i - 
” __after (days) x 
ci Strain Date | Date Be $¢ | 5 1 2 3 5 9 20 40 60 
% alec AS © 
Koii Nov. Feb. 
I — 21, 12, 240 06 160 | 160 160 80 160 80 80 80 80 
chi 1952 1953 
IIL III 
Oct. Feb. 
2 Nichols 9, 12, 1.90 0.5 80 80 160 160 80 80 160 160 160 
1952, 1953 
Oct. Feb. 
K Nichols 9, 12. 2.20. 055 40 40 40 40 40 40 40* 
1952 1953 
Oct. Feb. 
+t Nichols 9, 12, 2.30: O52 160 160 160+ 
1952 1953 


* Died on the 31st day + Died on the 3rd day 


2) The influence of penicillin on the syphilitic sero-reaction. 

No. 5 and No. 6 in which 3 months, and No. 7 in which 4 months had 
lapsed after inoculation of a Kojimachi strain, revealed a marked fluctua- 
tion in the antibody titer from the day after injection of penicillin and the 
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to | figures dropped to about one half, but the titer returned to its original 
en figure after 7 days in No. 7, whereas No. 6 died 60 days subsequently 
lin (Table II). 

we TABLE II 

in) Changes of Sero-reaction after Penicillin Administration 


in Rabbits 








ita- | Quantitative sero-reaction before and 
Inoculation of Penicillin after penicillin administration 
S Treponema | perio (Units of antibody) 
on. 7 pallidum administration US Sen I ES he at nc) 
». 4 Z after (days) 
ths. s | rte fas 
O, | Strain Date | Date Se S54) 5 | 1-2 3 4 7 10 13 18 30 50 60 
out ae, a ae ee nee. | ee ee: Le ee ee eee ee 
‘ bse Sept. | Jan. 
lich 5 ~—* 10, 30, 2.50 0.18} 80/20 20 20 40 20 40 20 40 40 40 40 
_ 1952 | 1953 
Koiim: Sept. | Jan. 
6 = 10, | 30, 2.70 0.18| 40|)40 40 40 40 40 40 40 20 20 20 
— 1952 | 1953 
7 | Kojima- Ae (5 ons 0.18 | 160! 20 80 80 80 160160 160 160 160 160 
hi 3, | > 2.85 .18 | 160) 2 5) 0 16 ) 0 
7 1952 | 1953 
d 


* Died on the 52nd day after penicillin administration, 


3) The influence of P® upon the syphilitic sero-reaction. 
A marked decrease in the antibody titer ensued from the day sub- 
60 sequent to administration in each case and No. 9 which had a titer of 320 
ten months after inoculation with a Kojimachi strain, showed a decrease 
to 40 or to 0. No. 10 and No. 11, inoculated with a Nichols strains 12 
months prior showed an antibody titer of 80 and 160 respectively which 
was a decrease to one half of the figure prior to injection of P®. The 
160 former died 4 days later and the latter died 48 days later. No. 8, inoculated 
with a Kojimachi strain 10 months prior and with an antibody titer of 

320, showed a fluctuating drop to 20 or 40 in titer (Table ITT). 
4) The influence of P® and penicillin on the syphilitic sero-reaction, 
Excepting No. 13 and No. 20, in each case there was a marked de- 
crease in the antibody titer from the day subsequent to administration of 
P®, whereas in contrast No. 20 developed a marked decrease for the first 
time 8 days later. No. 16 and No. 17 inoculated with a Kojimachi strain 
5 and 7 months prior and No. 18 inoculated with a Nichols strain 11 
hed months prior, showed furthermore a negative sero-reaction following ad- 
ministration of penicillin. And, in No. 14 and No. 15 inoculated with 
a Nichols strain 4 months earlier, the antibody titer decreased after ad- 
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TaBLeE III 
Changes of Sero-reaction after P®? Administration in 
Rabbits 
Quantiative sero-reaction before 
a | Inoculation of and after P32 administration 
5 | Treponema | P®2 administration (Units of antibody) 
2 | pallidum — 
me | | after (days) 
mz = Sete : . Tr ? 
7 Body Dose 3 | 
No. | Strain Date Date weight eoits 7 bs &@ 
| (kg.) (mc.) 
Mar. Feb. | 
8 Kojimachi I, 4, 3.0 0.12 320 | 20 20 40 40 40 40 40 
1952 1953 
Mar. Feb. | 
9 Kojimachi 17, 4, 3.0 0.12 320| 40 0 O O 20 20 O 
1952 1953 
Nov. Feb. 
10 | Nichols 22, 4, 3.0 0.12 80; 40 * 
1951 1953 
Nov. Feb. | 
11 Nichols , 4 3.0 0.12 160 | 80 40 40 80 80 40 + 


22, > 
| 1951 | 1953 | 
* Died on the 3rd day after P®? administration. + Died on the 48th day 


after P82 administration. 


ministration of P® and this titer was temporarily negative after administra- 
tion of penicillin but showed a positive sero-reaction later. In No. 12 
inoculated 5 months prior with a Kojimachi strain the antibody decreased 
after administration of P®, but penicillin did not effect the titer further and 
the rabbit died on the 12th day. In No. 19 inoculated 6 months earlier 
and No. 21 inoculated 10 months earlier with a Nichols strain and No. 20 
inoculated with a Kojimachi strain 9 months prior, the decreased antibody 
titer following injection of P* was only affected to a minimal degree by 
administration of penicillin, but fluctuated remarkably and was tem- 
porarily negative following a second administration of P®. In No. 13 
inoculated 4 months prior with a Nichols strain neither administration of 
P® nor penicillin did have any effect in altering the antibody titer. (Table 
IV). 


SUMMARY AND CONCLUSION 


14 rabbits were given P* after a period of over 100 days subsequent 
to inoculation with Treponema pallidum. Of these, excepting one, 13 
rabbits showed a remarkable decrease in the antibody titer which confirmed 
the result of our last report”. Further, 10 rabbits were given penicillin 
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and about one half of them showed further decrease in their antibody 
titers. A second dose of P® was administered to 3 in the latter group and 
in 2 a third fluctuation in the antibody titer occurred. However, in the 
single case which showed no fluctuation in the sero-reaction following 
administration of P®*, administration of penicillin had also no effect what- 
soever. 

On the other hand, taking into consideration the result from ad- 
ministration of non-radioactive H,PO,, we are convinced that it is an 
undeniable fact that P® administered to rabbits with late syphilis intra- 
venously, causes fluctuation in the sero-reaction. 

This study was made possible through a fund granted by the Ministry 
of Education. We express our sincerest acknowledgement herewith. 
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In the fourth report”, the influence of ingestion of water on the intra- 
gastric temperature was systematically studied with a platinum resistance 
thermometer®’. Recently a new thermistor thermometer, designed to 
measure the temperature of two points of the gastrointestinal tract was 
constructed by us and presented in the previous report*). Using this 
thermometer I studied the influence of ingestion of water, the volume and 
temperature of which were varied, on the intraesophageal, intragastric 
and intraduodenal temperatures. 

Although several reports have been published concerning the said 
influence on the intragastric temperature, only two reports‘) concerning 
the intraduodenal temperature and one report® concerning the intra- 
esophageal temperature have been presented. Therefore, satisfactory and 
systematic study of the influence of ingestion of water on the temperature 
in the upper alimentary tract, especially the esophagus and duodenum, is 
scant. 


EXPERIMENTAL 
Methods and Materials 


Two thermistors, one attached at the end and the other 25 cm. from the end 
of a Miller-Abbott tube, were used for measurement of temperatures in two 
points of the upper alimentary tract simultaneously as reported in the previous 
report®), The intraesophageal and intraduodenal temperatures were measured 
respectively with the intragastric temperature. 

In the measurement of intraesophageal and intragastric temperatures, the 
thermistor at the end of the tube was swallowed 50 cm. from the incisor, con- 
sequently the second one was placed in the esophagus 25 cm. from the incisor. 
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In case of the intraduodenal and intragastric temperatures, the thermistor at the 
end of the tube was introduced into the duodenum about 10 cm. distal to the pylo- 
rus of the stomach on the fluoroscopic examination, so the second one was placed 
in the body of the stomach about 15cm. proximal from the pylorus. The 
distance from the incisor were varied in each case according to the shape and 
tonus of the stomach as well as the body size. 

Then, the measurement of two temperatures was performed in half-supine 
position in the fasting state at least four hours after meals. About 30 minutes 
after introduction of the thermistors, when the temperature became constant, 
water was drunk orally along the tube. The volumes and temperatures of the 
water drunk were as follows: 250 cc. of 50°C, 150 cc. of 50°C, 250 ce. of 15°C, 
and 150 cc. of 15°C. The time needed for drinking was 45 seconds in case of 
150 cc. and 75 seconds in case of 250 cc. Each case was measured on seven 
normal adults who had no sign of gastrointestinal disorder. Although in the 
fourth report”) the water was introduced directly into the stomach through the 
tube, in the present experiment the water was drunk orally to observe the change 
of temperature in the esophagus in the physiological condition. The temperatures 
were measured every thirty seconds for thirty minutes following the drinking. 


Results 


The intraesophageal, intragastric and intraduodenal temperatures im- 
mediately prior to the drinking water and their changes in 0, 2, 6, 10, 18 and 
30 minutes after the drinking are shown in Tables I and II. The changes in 
them after drinking 250 cc. of 15°C water and 250 cc. of 50°C water are shown 
in Figs. | and 2. In case of 150 cc. of 15 and 50°C water, similar figures were 
obtained. 

The intraesophageal temperature fell rapidly while drinking 15°C water, 
rose rapidly in the first two minutes after drinking, and then rose slowly for the 
next six minutes. After eight minutes it reached within 0.1°C of the level before 
drinking. In case of 50°C water, the trend of the change was quite the same as 
that of 15°C water except the direction of the curves. On the logarithmic 
scale it shows a nearly straight line as shown in Figs. 3 and 4, and represents a 
power function. The empirical formula is given in Table III. 

The intragastric temperature while drinking water dropped or rose accord- 
ing to the temperature of the water drunk. Immediately thereafter it reached 
the maximum change and then began to recover, at first rapidly, then progressively 
more slowly. However, the speed of the recovery is slower than that of the 
intraesophageal temperature, and it shows an almost straight line on the semi- 
logarithmic scale and represents an exponential function. The empirical 
formula is given also in Table III. The intragastric temperature was measured 
twice on the same case: one measured with the intraesophageal and the other 
with intraduodenal temperature. In the former the thermistor was placed in 
the upper part of the stomach and in the latter in the lower part of it. The 
curves are shown in Figs. 5 and 6. The change in the lower part of the stomach 
is not always greater than that in the upper part, and between these changes no 
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TaAsuz I 


Maximum (Max.), Minimum (Min.), Mean and Standard Deviation 
(St. d.) of Intragastric (Stom.) and Intraesophageal (Esoph.) 
Temperatures before Drinking Water, and their Changes 
0, 2, 6, 10, 18 and 30 minutes after Drinking 
Water of Various Temperatures and Volumes 





Temp. Temp. Changes in the temperature 
and Locatio: | before eS = Ss _ ? aint 
volume ocasion | drink- Time (minutes) after drinking water 
of measured | ing ee ele eS ae ~~ 
water | water 0 2 ‘. + BS ig | 30 
37.70 | Max. -10.85 | -5.40 | -2.85 | -1.20 | -0.20 
15°C S 36.65 | Min. —- 4.85 | -1.25 | -0.85 | -0.35 0 
; thes ooom. 37.42 | Mean ~ 7.29.| ~853 | -201 | -0.69 | -0.11 
0.97 | St. d. | 2.18 1.53 | 0.82 0.56 0.02 
37.10 | Max. | -1610| -2.75| -0.60 | -0.25 | -020 | -0.10 
250 Eson! 36.40 | Min. | -12.50| — 1.10] -0.20 | -0.15 | -0.05 0 
—— ts 36.91 | Mean | -14.34| - 1.99] -0.35 | -0.21 0.11 0.06 
0.66 | St. d. 1.22 0.55 0.18 | 0.03 0.06 0.05 
38.00 | Max. 10.15 | -5.00 | -3.60 | -0.95 | -0.35 
sc Si 37.00 | Min. - 2.85 | -0.75 | -0.60 0.10 0.20 
— oa 37.55 | Mean - 5.84 | -2.58 | -1.57 0.53 | -0.09 
0.32 | St. d. 2.72 1.40 | 1.13 0.32 0.20 
37.80 | Max. | -16.00| — 2.40} -0.25 | -0.25 | -0.25 | -0.30 
150 ee 36.65 | Min. | -10.50 | — 0.35 0 0 0.15 0.25 
i ata Se 37.24 | Mean | -12.75| — 1.00! -0.14 | -0.09 | -0.03 0.01 
0.30 | St. d. 1.92 0.70 0.09 | 0.08 0.12 0.18 
38.00 | Max. 4.70 3.90 | 2.55 0.50 0.05 
50°C: St 37.30 | Min. 2.90 1.15 0.25 | -0.10 | -0.20 
“— _—— 37.69 | Mean 3.76 2.24 | 1.10 0.20 | -0.06 
0.55 | St. d. 0.85 0.91 | 082] 0.21 0.40 
37.60 | Max. 8.30 1.50| 0.50! 025 | 020 | 0.20 
950 cc — 36.60 | Min. 5.30 0.45 | -0.05 | -0.10 | -0.20 | -0.20 
— 37.19 | Mean 6.76 0.90 0.20 | 0.07 0 ~0.04 
0.33 | St. d. Le 0.35 0.18 | 0.11 0.14 0.14 
37.90 | Max. 3.90 2.00 | 1.25 0.35 0.15 
50°C ame 37.30 | Min. 1.70-| 0.95 | 0.45 0.05 0 
ote. 37.61 | Mean 2.66 1.52 | 0.82 0.21 0.05 
0.65 | St. d. 1.18 0.46 | 0.52 | 0.10 0.06 
37.50 | Max. 8.80 1.05 0.25 0.15 0.10 | 0.10 
150 cc Eso! 36.70 | Min. | 4.80 0.25 0.05 0 -0.10 | -0.10 
— —_ 37.20 | Mean | __7.26 0.72 0.14 | 0.07 0.01 | -0.01 
0.25 | St. d. 0.51 0.27 | 0.08 | 0.09 0.08 | 0.07 


significant difference was seen. 

The intraduodenal temperature did not change so rapidly as the intra- 
esophageal or intragastric temperature. While drinking water the temperature 
remained at the level before drinking ; then some of them dropped or rose rapidly 
according to temperature of the water, but most of them slowly and with a zigzag 


























S. Katsura 
TaBLe II 
Maximum (Max.), Minimum (Min.), Mean and Standard Deviation 
(St. d.) of Intragastric (Stom.) and Intraduodenal (Duod.) 
Temperatures before Drinking Water, and their Changes 
0, 2, 6, 10, 18 and 30 minutes after Drinking 
Water of Various Temperatures and Volumes 
Temp. | Temp. | Changes in the temperature 
and | — before — 
— | aed | —— Time (niauang after drinking water 
water | | water 0 2 6 | 10 18 30 
ccna te RE, ee Be ee ee 
| 37.95 | Max. -8.95 | -640 | -4.35 | -1.50 | -0.60 
15°C. | Stom. | 3675 | Min. 3.10 | -1.20 | -0.75 | -0.30 | 0.10 
* | 37.50 | Mean -5.74 | -3.52 | -2.39 | -0.90 | -0.26 
| 0.45 | St. d. 2.32 | 218 | 1.19 |} 053 | 0.20 
| 37.95 | Max. -0.20 | -2.15 | -3.65 | -1.90 | -1.05 | -0.45 
| 36.85 | Min. 0 0.35 | -0.25 | -0.25 | -0.05 | 0.05 
250cc. | Duod. | 3756 | Mean | -0.05 | -1.09 | -134 | -0.98 | -0.38 | -0.19 
| 076 | Std. | 06.09 0.56} 180 | 057 | 033 | 0.13 
| 37.75 | Max. 6.25 | -440 | -2.70 | -0.75 | -0.40 
a 2 | 37.00 | Min. 285 | -1.35 | -0.50 | -0.10 | 0.10 
stom. | 37.43 | Mean -5.31 | -3.04 | -1.35 | -0.36 | -0.10 
| 0.19 | Std. | 1.26 | 102} 081 | 0.26 | 0.16 
| 37.80 | Max. | -1.40 | -3.30 | -1.65 | -0.75 | -0.35 | -0.35 
150 Duod. | 32:00 | Min. | 0 0.10 | -0.35 | -0.20 | -0.10 | 0 
7 uoe- | 37.46 | Mean | -0.27 | -1.51 | -0.82 | -0.53 | -0.20 | -0.17 
| 0.67 | St. d. 0.50 | 131 | 043 | 0.19 | 0.08 | 0.14 
| 37.80 | Max. | 4.50 | 2.00] 1.25 030 | 0.05 
: 37.35 | Min. 1.70 | 090 | O15 | O15 | -0.25 
50°C | Stom. | 37°59 | Mean 3.07 | 146 | 061 | 0.07 | -0.07 
| 1.73 | St. d. | 0.93 | 047 | O41 | 0.06 | 0.13 
= = } eee 
| 37.95 | Max. | 0.70 | 1.65 | 1.05 | 0.45 | 0.10 | 0.05 
| 3740 | Min. | 0 0.15 | 0.05 | -0.15 | -0.30 | -0.40 
250cc. | Duod. | 37.63 | Mean | 0.26) 097 | 0.69 | 0.12 | -0.06 | -0.14 
| 108 | Std. | 031 0.53 | 035 | 020) 0.18 | 0.16 
| 38.00 | Max. 3.65 | 1.80 | 0.90 0.60 0.25 
‘ ' | 36.85 | Min. | 1.00 | 060} 035; O | -0.25 
50°C =| Stom. | 37.44 | Mean | 217 | 114! 067! 0.21 | -0.01 
| 0.68 | St. d. 0.96 | 0.39 | 0.24 | 0.19 | 0.17 
a sil | << ae _ 
| 38.05 | Max. | 0.20 | 1.45 1.10 | 045 | 0.40 0.15 
‘ | 36.85 | Min. | 0 0.10 | 0.05 | 0.10 | -0.15 | -0.35 
150cc. | Duod. | 3748 | Mean | 0.06 | 0.76 | 041 | 022 | 0.05 | 0.08 
| @28:/St.d. | 009 0.47 0.35 | 0.20 0.19 0.20 





course. Their maximum change appeared between thirty seconds and eight 
minutes. Some of the curves of the intraduodenal temperature are shown in 
Fig. 7. A definite type of curve was not found contrary to the intraesophageal 
and intragastric temperatures. It was always accompanied by fluctuation of 
lesser degree, so that it formed a zigzag line, which could not be found in the 
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curve of the intragastric temperature measured simultaneously. According to the 


time when the maximum change appeared it was divided into two groups: one 
was the early type, in which the maximum change appeared within the first two 
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minutes and reached 3 or 4°C; the other was the slow type, in which the maxi- 
mum change appeared during four to eight minutes and remained below 2°C. 
The curve of the early type is more like that of the stomach than the slow type. 
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TABLE. Tif 


Empirical Formulas of Changes in the Intraesophageal 
(Esophagus) and Intragastric (Stomach) Temperatures 
after Drinking 15°C and 50°C Water 
Y =change in temperature (°C). t=time after drinking water (minutes). (E 
=intragastric temperature measured simultaneously with the intraesophageal 
temperature. (D)=intragastric temperature measured simultaneously 

with the intraduodenal temperature. 





Temp. of | Volume of | 


no “atie Esophagus Stomach 
45 Cc 250 cc. : Y= ; 4.54 tu 138 Soda: 7~ pele 
“158 150 ce. Y=—2.71 t-106 o Y= aan een 
- 50°C 250 cc. Y=2.01 ti OO Yn746 coat 

50°C 150 ce. Y =1.78 7140 (E) ¥=4.06 coi 


(D) Y=2.88 ©70.15t 


DIscussION 


The details of the change in the intragastric temperature produced by 
introducing water through the tube were presented in the fourth report”. 
However, in the present experiment the water was drunk orally instead of 
being introduced directly into the stomach through the tube. Though 
the curve of the recovery shows a straight line on the semi-logarithmic 
scale in both experiments, in comparison with the results reported previously, 
the changes in this experiment are somewhat different: the changes im- 
mediately and a few minutes after ingestion were smaller and the re- 
coveries were slower. ‘The water was not insulated by the rubber tube 
and heat conduction between water and surrounding tissue could take 
place readily, consequently the temperature of the ingested water was closer 
to that of the stomach. ‘This shows that the upper alimentary tract acts 
as a buffer to the temperature of ingested fluid. It is interesting that the 
changes in the temperature in upper and lower parts of the stomach after 
drinking water of the same temperature and the same volume exhibit no 
significant difference as shown in Figs. 5 and 6. The intragastric tempera- 
tures of various parts of the stomach are almost the same, except immedi- 
ately following introduction of water”. 

The change in the intraesophageal temperature was obviously different 
from the change in the intragastric temperature and the differences between 
them were statistically significant in all four cases. The maximum change 
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Fig. 5. The changes in the intragastric temperature after drinking 15°C 


water (Semi-logarithmic scale). —— 250 cc., measured with the intra- 
esophageal temperature, ~—--—-— 250 cc., measured with the intraduodenal 
temperature, ---—-- 150 cc., measured with the intraesophageal tempera- 
ture, ---- 150 cc., measured with the intraduodenal temperature. 


appeared while drinking water and was always greater than the change in 
the intragastric temperature. This shows that the water contacts at 
first the esophagus, exchanging heat as mentioned above, and then reaches 
the stomach. The differences in the change of the temperature between 
150 cc. and 250 cc. of 15°C water, as well as between 150 cc. and 250 cc. 
of 50°C water were very small and not statistically significant. As the water 
merely passes through the esophagus and does not stay there, the difference 
in volume between 150 cc. and 250 cc. does not cause a significant change 
in intraesophageal temperature. 

The change of the intraduodenal temperature is very characteristic. 
Contrary to the intraesophageal and intragastric temperatures, the intra- 
duodenal temperature did not change during and immediately after drink- 
ing the water. In some cases (the early type) the maximum change occurred 
within two minutes, but in most cases (the slow type) it gradually appeared 
between two and eight minutes after drinking water. The curve of the 
temperature change shows a zigzag course within about 2°C. This fact 
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shows that the water which passed through the esophagus was at first ac- 
cumulated in the stomach and then ejected intermittently through the 
pylorus of the stomach under the control of pyloric function. The earlier 
the maximum change appeared, the greater it was. However, the maxi- 
mum change in the intraduodenal temperature was never reached until the 
maximum change in the intragastric temperature had taken place. In this 
case the duodenopyloric reflex®”? is a problem to be considered, as reported 
previously’). Moreover, statistically significant differences in the changes 
were not observed between 150 cc. and 250 cc. of 15°C water, and between 
those of 50°C water. The shape, tonus, peristalsis and capacity of the 
stomach, and the tonus of the pylorus have more influence on the change 
in intraduodenal temperature than the difference in volume and tempera- 
ture of the water drunk. On fluoroscopic examination it was observed 
that there were many different shapes and motilities of the stomach in- 
dividually. 

In conclusion, the changes in intraesophageal and intragastric tem- 
peratures after ingestion of water are more physical than physiologic, 
whereas the corresponding changes in intraduodenal temperature are more 
physiologic. 


SUMMARY 


The changes in the intraesophageal, intragastric, and intraduodenal 
temperatures of healthy adults after drinking 15 and 50°C water were 
studied and the following facts were confirmed. 

I. The intraesophageal temperature : 

1. The maximum change appears during and immediately after 
drinking, and is always greater than that in the intragastric temperature. 

2. The recovery to the temperature before drinking is faster than 
that of the intragastric temperature. 

3. The curve of the change exhibits a straight line on the logarithmic 
scale, and represents a power function. 

II. The intragastric temperature : 

1. The results reported previously!) are substantiated. 

2. The upper and lower parts of the stomach behave equally in the 
changes. 

III. The intraduodenal temperature : 

1. The curve of the change shows a zigzag line. 

2. The maximum change appears between 30 seconds and eight 
minutes after the drinking, and is usually smaller than those of intraeso- 
phageal and intragastric temperatures. 

3. The change never exceeds that of the intragastric temperature. 

4. The individual variation in the change is greater than those in 
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the intraesophageal and intragastric temperatures. 

5. The curve of recovery does not represent any simple mathematical 
function. 

6. It changes more physiologically than physically contrary to the 
other two temperatures which behave more physically. 
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XXII. On Group B Lipid from Human Liver 
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The group lipids from human livers have been investigated repeated- 
ly’’-® in this Institute, but even the electrophoretically homogeneous pro- 
duct obtained by Masamune ¢f al.*) is not warranted to be a chemically 
single substance so that the writer tried to check the chemical nature of 
them by preparing Group B lipid from the same source by a different 
procedure. 

Of the final products, one was Group B active while the others were 
found to have lost the activity halfway during preparation, so that the 
group active and one of the group inactive were subjected to chemical 
and physical examinations. They gave all a single boundary after electro- 
phoresis and also after ultracentrifugation. In chemical points the both 
looked similar not only to each other but also to the substance separated 
by Masamune ef al.*) These findings are accepted to confirm the homo- 
geneity of the present as well as the former preparation. The findings 
also firmly established, the writer believes, that there exist group lipids, 
which are composed of cephalin, peptide, polysaccharide and probably 
higher alcohol, in various animal tissues. The group-active and -inactive 
preparations here showed some difference between themselves with re- 
spect to the axial ratio of molecule and molecular weight, but it is un- 
certain for the present, if the discrepancies found are of significance for 
the presence and absence of group activity. The problem on the dis- 
appearance of the Group B activity will be further discussed below. 


EXPERIMENTAL 
Preparation Procedure 


The procedure was devised from the results of orientating fractionations of 
the tissue, taking group potency as an indication, whose description will be 
omitted. In it Klenk’s procedure for separating sphingomyelin from brain» 
is partially adapted. 
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Ist stage. Human fresh livers from persons belonging to Group B were 
cut into cubes of about 3 x 3 x3 cm., washed with physiological saline to remove 
blood and bile, and covered under 4.5 volumes of 91% alcohol for more than 
1 week. They were then ground in a masticator, squeezed and dried in a Faust 
apparatus at first and then in a desiccator containing H_SO,. 1445 g. of brown 
granules were given from 7815 g. in total of fresh livers. Next a 85 g. portion 
of the dry material was pulverized and exhausted with dry acetone in a Soxhlet 
apparatus. The insoluble part (a brown powder) weighing 78 g. was treated 
further with dry ether in the same apparatus. From the whole material were 
thus given 1264 g. in total of the residues, which were combined together— 
Fr. I. 

The following description concerns the first run only. 

2nd stage. A 260g. portion of the above batch was taken and boiled with 
5, 3 and 3 volumes of a 3:1 mixture by volume of dry methanol and dry chloro- 
form (Klenk solvent) for 30, 50 and 70 minutes respectively in succession. The 
solutions (orange colored and slightly turbid) were distilled together in vacuo 
to 1/3 the volume and stood in an ice chest. Since, however, no precipitate 
occurred, the solution was further concentrated to dryness and the still-residue 
was extracted with 40 cc. portions of Klenk solvent. The solutions united were 
stood again in an ice chest. The precipitate was centrifuged off. The clear 
red brown supernatant was distilled in vacuo as far as possible and the still- 
residue here was treated with changes of ether saturated with water (200 cc. in 
total). The ethereal solution was distilled under reduced dressure to syrupy 
consistency, precipitated with acetone and dried in a desiccator. 7.4g. ofa 
brown clay were given—Fr. II,. 

3rd stage. 0.6 g. of Fr. II, was taken up in 6 cc. of water, and sixty 6 x27 
cm. squares of Toyo Roshi filter paper no. 2 were spotted each with 0.1 cc. of 
the solution along a horizontal line ruled 5 cm. from the short side margin and 
dried in air. They were packed, together with two unspotted paper-squares of 
the same size laid on the sides of the pack, between two 1 x8 x27 cm. glass 
plates by means of two brass tools illustrated in Fig. 1, stood in a Petri dish of 
15cm. diameter containing 140 cc. of a 3:7 mixture by volume of chloroform 
and 80% phenol (Solv. A), and after covering with a glass-bell, placed in an 
incubator at 22°C. When the solvent front creeped up 17 cm. above the spot, 
the chromatograms were dried separately, and the broadened brown stains ex- 
tending from 9.9 to 16cm. above the starting spot were cut out® and fixed 
between the two glass plates above. 120 cc. of a mixture of methanol-chloro- 
form-80°%, phenol (4:4:1 by volume) (Solv. B) were spilt upon the pack in 
the fall rate of 15-20 drops per minute (Fig. 2). The temperature was kept 
between 12° and 22°C. (At a lower temperature than 10°C, elution is not 
complete.) The eluate was distilled to dryness, adding halfway little portions 
of water. 0.27 g. of a brown powder was given. In this way 3.3 g. of sub- 
stance were yielded in total from the whole Fr. II, (7.4 g.). 

All the products were taken up in 100 cc. of dry chloroform and centrifuged. 
The thin coating and the dark red, transparent solution were separated together 
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Fig. 1. Brass tool with which the paper pack is fixed between glass 
plates. 
a: screw, b: bolt, c: plate, d: nut. 


from a small centrifugate at the bottom, and distilled in vacuo to dryness. The 
remainder was shaken with 80cc. of benzene. The centrifuged supernatant 
(orange red) was distilled in vacuo to a syrup and 120 cc. of dry acetone were 
added. 3.1 g. of a brown powder were obtained—Fr. II]. 

4th stage. 0.45 g. of Fr. III, was taken at one time and dissolved in 5 cc. of 
water. Fifty 6x6 cm. squares of Toyo Roshi filter paper no. 2 were each spot- 
ted 5cm. long with 0.1 cc. of the solution along the horizontal line ruled 3 cm. 
from a margin. They were also packed and fixed with the margin near the 
stain up as shown in Fig. 2, and 150 cc. of dry chloroform were poured onto the 
pack at the rate of 20-30 drops per minute (Slower fall entails incomplete 
elution). Then after discarding the eluate hereby, elution was resumed with 
60 cc. of Solv. B (Fall rate 10-20 drops per minute). Temperature was main- 
tained at between 12-22°C in both cases. The second eluate was distilled, 
with addition from time to time of water, to dryness like as the corresponding 
eluate in the 3rd stage and washed with dry acetone. 0.94 g. was the total 
yield of brown powders from 3.1 g. of Fr. III,. The products combined were 
dissolved in 30 cc. of dry chloroform and centrifuged, and the clear red brown 
supernatant and a thin film (gray brown) at the surface were distilled together 
to dryness (A trace of the centrifugate was rejected) and further purified by 
dissolution in benzene (40 cc.)7’, subsequent distillation and precipitation with 
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Fig. 2. Apparatus for elution. 
a: separatory funnel, b: rubber stopper, c: glass bell, d,h: glass 



































plates, e: paper pack (Its lower margin is set 3cm. above the bottom 
of the Petri dish (g)),  f: metal tool illustrated in Fig. 1, g: Petri dish. 


acetone. 0.88 g. was the light brown powder given—Fr. IV;. In a similar 
manner were prepared Frs. IV., IV;, IV, and IV; weighing 0.51, 0.69, 0.75 
and 0.89 g. respectively from 241, 244, 258 and 261 g. portions of Fr. I each to 
each. 
Properties of the Final Products 
Serological assay 
Group potency was determined on a glass plate according to Masamune 
et al.®), but 1% erythrocytes suspensions were replaced for the 5% suspensions. 
As is shown in Table I, Fr. [Vg was group active at a dilution of 1 : 800, but the 
other Frs. IV were all inactive. In the same table is also illustrated the potency 
of Fr. II, which was Group B active at a dilution of | : 400. 
For the following examinations the group active Fr. [Vs and the inactive 
Fr. IV. were taken. 
Solubility 
There was no difference in solubilities between the group active and inactive 
preparations (Table II). 
Electrophoresis 


The two substances were subjected to electrophoresis in NaCl-containing 
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TABLE I[ 
Group Potency of Fr. II; and Frs. IV,-IV; 


The sera were diluted to titre 16 before use. Anti-OS: anti-OS saliva 
chicken serum, Goat: normal anti-O goat serum. — no hemagglutination, 
+ hemagglutination was proved by means of a magnifier. + hemaggluti- 
nation was seen by the naked eye. ++ marked hemaggl. 





Dilution of the substances (1: ) 


Red 














Fr. cells Serum 5x 2x 4x 8x 1.6 
10 102 102 10° 102 x 10% 
A | a + + + + + ++ 
Il B B = = — - + + 
1 O | Anti-OS oo oo 4} +t 
O Goat + + + + + ++ 
A a + + - = H H 
IV B 3 > - - - - + 
“ O | Anti-OS | + + eo rs H Mm 
oO Goat + + + + + H+ 
A a | + + + + tt tt 
IV,-IV. B B + + + + + 4h 
IV,-IV,, Oo Anti-OS - + + + th ++ 
O Goat - + + + +4 4 
TaBLeE II 
Solubilities of Frs. IV; and IV». 
—: insoluble, +: faintly sol., +: partly sol., ++: mostly sol., 
++: completely sol. 
Solvent 
Water* Methanol Ethanol Ether Benzene Chloroform 
Fr. a 
oe ee ee oe v 
ale -~ 0 i) Z wn Te) | a  . 
ee 2 det TP TP TFT® i ? 
“se & 2448 £8 &€2 84 8228 Ss &§ 
IV. + + H+ =— = + = + H+ =o H+ ++ 
IV. + + # - - ~ + + + # # # + 


* There was no difference in the solubilities between room temperature (10-15°C) 
and 50°C, 


0.1 M veronal buffer pH 8.6, I 0.2. The patterns after electrophoresis, which 
are reproduced in Fig. 3, showed one symmetrical boundary in each of the sub- 


stances. 


Qualitative test-tube tests 


The preparations gave just the same results, giving the positive reaction 
in Molisch, Bial’s orcinol (Green coloration occurred but not the red), Rosen- 
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Fig. 3. Electrophoretic patterns (x 4/5) of 0.5% (w/v) solutions of Fr. 
IV, (A) and IV, (B) in 0.1 M veronal buffer pH 8.6, I 0.2 (adjusted with 
NaCl) ; current 10mA; temp. 13°C in (A), 23°C in (B). 


Mobility : 
,  (—0.98) x 0.0114 x 0.3 
Fr. IV, - — 2, “l.sec71 > 
r 3 0.01 x 1905 17.7 cm?-volt~1-sec™1 x 105 
(— 1.24) x 0.0117 x 0.3 
Fr. IV, ne ——— = De 2.volt~l-sec™! x 
r - 0.01 x 2700 16.1 cm?-volt~!-sec™! x 106 


thaler (for alcohol) and Elson-Morgan (This test was processed on 2 N HCl- 
hydrolysates neutralized) test and the negative in biuret, Thudicum and the 
direct as well as indirect Osaki-Turumi test. 


Assays by paper partition chromatography 


The both preparations gave similar results also in these assays. 

1. Chromatography of the sugar components. Of either of Frs. IVs; and IVs2, 
20 mg. were hydrolyzed with 2 cc. of 1 N H,SO, by heating in an ampoule at 
100°C with frequent shaking and filtered to remove the humin. The filtrate 
was neutralized with 0. 2 cc. of 10% baryta and centrifuged. The centrifugate 
was washed with 3 cc. portions of water of 80°C, and the supernatant and 
washings were distilled together in vacuo to a syrup and diluted with 0.4 cc. of 
water. 0.08 cc. of the solution was sampled, 10cm. apart from the bottom, 
on a 5 60cm. sliver (Toyo Roshi filter paper no. 2) with following descending 
irrigation with a 5:3 :2 mixture by volume of butanol, pyridine and water. As 
an indicator was used the aniline hydrogen phthalate reagent of Partridge. Dis- 
tinct spots of chondrosamine and galactose and a faint spot of glucose (Regarding 
their Rf values, refer to Masamune and Yosizawa®)) were given in both of the 
substances. 

2. Chromatography of the substances after methanolysis. a) Water-insoluble 
components. A 60mg. portion of the materials were refluxed each with a 
mixture of 4 cc. of conc. HCl and 4 cc. of abs. methanol for 6 hours, and when 
cold, added to with 8 cc. of methanol. Centrifuged. The humin at the bottom 
of the tube was washed with two 2 cc. portions of methanol, and the supernatant 
and washings combined were shaken with 30 cc. portions of petrol ether. The 
petrol-ethereal solutions were united, shaken with an equal volume of water 
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many times until they became neutral, and distilled in vacuo to a thick syrup 
which was again dissolved in 0.2 cc. of petrol ether. Three 0.03 cc. portions 
of this solution were separately sampled, 5 cm. apart from the bottom, on three 
2.5 x60 cm. silvers to effect the “first stage’? chromatography of Masamune 
and Hakomori” by irrigation with “‘Solv. III ” (butanol sat. with water-phenol 
sat. with water-ethano! (5:2:1.5 by volume)). One of the chromatograms, 
which was sprayed with ninhydrin and with alkaline permanganate successively, 
showed no violet spot with the former indicator, denying the presence of sphingo- 
sine, but with the latter, a diffuse yellow stain extending from the height of Rf 
0.8 to the solvent front, which is rather ascribed to the solvent. A second 
chromatogram exhibited a pink oval spot near the solvent front on treatment 
with faintly alkalinized methylred, suggesting a fatty acid or acids. And a 
third proved the absence of any of aldehydes which react with Schiff reagent. 

b) Water-soluble components. The: methanol-conc. HCl layer washed 
with petrol ether in a) was distilled in vacuo to 2 cc., and freed from HCl as 
far as possible by placing in a vacuum desiccator containing solid caustic soda 
with occasional addition of water. The residue was taken up in 0.2 cc. of 
water and neutralized to pH 6.8 with 0.2 cc. of 0.1 N NaOH, and the occurring 
small precipitate was centrifuged off and washed with a little water. The 
supernatant and washing were combined and made up to about 0.5cc. The 
solution was subjected to the “first,” “‘ second” and “ third stage ” chromato- 
graphy of Masamune and Hakomori. i) First stage. Three paper slivers of 
the same size as those in a) were spotted each with 0.04 cc. of the solution as 
above and one was irrigated with ‘‘ Solv. I”’ (butanol sat. with water-phenol 
sat. with water-ethanol (5:3:1 by volume)) and two others with “ Solv. II” 
(butanol sat. with water-phenol sat. with water-glacial acetic acid (5:2:1 by 
volume)). The chromatogram developed by Solv. I and one of those by Solv. 
II were sprayed with Dragendorff reagent, which colors choline yellowish orange, 
with negative result. The remaining chromatogram gave ninhydrin spots at 
the positions corresponding to ethanolamine, hexosamine and glycine and/or 
serine. Aspartic and glutamic acid were not detected here. ii) Second stage. 
By a usual two-dimensional paper chromatography were detected aspartic and 
glutamic acid, serine and glycine as amino acids and hexosamine and ethanol- 
amine as amines. Solvents employed were butanol-glacial acetic acid-water 
(4:1:2 by volume) (for the primary irrigation) and 80% phenol (run in an at- 
mosphere containing ammonia gas) (for the secondary irrigation). iii) Fourth 
stage. A sliver of the same size as those in i) was spotted with 0.04 cc. of the 
solution in the same manner also as in i), and irrigated with “ Solv. IV ” (80% 
ethanol). The chromatogram was treated with 5% neutral lead acetate and 
HS gas, and only one black spot of Rf 0.41 was given, which suggested presence 
of glycerophosphoric acid and absence of inositolphosphoric acid. 

In short, a fatty acid or acids, ethanolamine, glycerophosphoric acid, as- 
partic and glutamic acid, serine, glycine, chondrosamine, galactose and glucose 


were found present but neither choline nor sphingosine nor aldehydes in both 
Frs. IVg and IV.. 
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Quantitative composition 
The analytical figures are embodied in Table III. There was no 
significant discrepancy between the two preparations in so far as the analyses 
are concerned. 
TABLE III 
Analyses of Frs. IV; and IV_ 


Figures express percentages. 





Fr. 
Analysis ee 

IV, IV, 
N* 2.18 | 2.07 
PT 2.74 2.58 
Galactoset 2.04 1.98 
Chondrosamine§ 0.86 | 0.85 
Ash// 6.80 | 10.12 


* Micro Kjeldahl, + Haneda, Sinokawa and Yasuoka’s modification of Plimmer 
method, + Masamune and Sakamoto, §A minor modification of Blix method,”) 
// Pregl method without use of H,SO,. 


Molecular axial ratio and molecular weight 


Partial specific volume. The apparent partial specific volumes were measured 
in the solvent employed for electrophoresis in the manner described in a forgoing 
article of the writer.) Temperature 20°C. That of Fr. IV; was calculated 
at 0.803 and that of Fr. IV, at 0.828. Apparent partial specific volume will 
be hereafter assumed as partial specific volume V. 

Volume intrinsic viscosity. By measuring in the viscosimeter used in the 
foregoing work," the figures in Table IV were obtained. Volume intrinsic 
viscosity »y has the following relation with intrinsic viscosity [y] : 


TABLE IV 
Intrinsic Viscosity of Frs. IV; and IV_2 at 20°C 





| Cc 7 | [7] 


No. of ; Tr mA ‘ Le 
Fr. Saiiaeee (Concentra- (Relative (Specific | MsplC | (Intrinsic 
— tion in g/d/) viscosity) viscosity) viscosity) 
| ] 1.0085 1.286 0.286 | 0.284 | 
2 0.6723 1.160 0.160 0.238 | 
IV, 3 0.4482 1.076 0.076 0.170 | 0.176 
4 0.2241 1.039 0.039 0.174 | 
5 0.1121 1.026 0.026 0.232 | 
1 0.9946 1.137 0.137 | 0.138 | 
2 0.6631 1.070 0.070 0.106 | 
IV,, 3 0.4420 1.041 0.041 | 0.093 | 0.100 
4 0.2210 1.023 0.023 0.104 | 
5 0.1105 1.013 0.013 | 0.118 | 
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where V is partial specific volume. On substituting [y] and V with actual 
figures, »y values of Fr. IVz and IV2 became 21.92 and 12.08 respectively. 
Axial ratio of molecule. Curves were plotted from Mehl and others’ f (axial 
ratio) values as a function of y values, and the molecular axial ratios of the two 
preparations were read therefrom. 
Fr. IV, as rods, 13.3/12=13/1 
as disks, 30.4/1==30/1 
Fr. IV, as rods, 9.1/1==9/1 
as disks, 15.9/1==16/1 
Sedimentation constant (The writer is indebted to Dr. Y. Amano in the Bac- 
teriological Institute). 0.5% (w/v) solutions of Frs. [Vz and IV, in the buffer 
used for electrophoresis were subjected to examination in a Spinco ultracentrifuge 
Model-E. The solutions showed a single boundary after centrifugation at 59,- 
730 r.p.m. (Fig. 4) but with different sedimentation constants 9.07 and 6.84, 
as is shown in Table V. 


A B 





Meniscus. Meniscus 


Centrifugal Centrifugal 
force force 


Fig. 4. Sedimentation diagrams (x 4/5) of 0.5°4 (w/v) solutions of Frs. 
IV, (A) and IV, (B) in 0.1 M veronal buffer-+ NaCl pH 8.6, 10.2; 32 min. 
after reaching full speed 59,730 r.p.m. (the 5th photographs in Table V). 
Rotor temperature 22°C in (A) and 23.2°C in (B). Bar angle 65°. 


Molecular weight. The molecular weight M of the substances were calcu- 
lated from the axial ratios and sedimentation constants by equation 


M=2.45 x 102V3" [(flf0) San,»/(1—-0.9982V-0)}*", 


where Vo is partial specific volume at 20°C, f/f is frictional ratio and So» 
is sedimentation constant. Since frictional ratio is identical with dissymmetry 
constant, it is obtained from axial ratio by Perrin’s formula (Cf. the preceding 
article by the writer!)), The molecular weights given were the following. 


Fr. IV, as rods (f/fyp=1.69), 4.74 108 
as disks (fif,)=2.02), 6.19 105 
Fr. IV, as rods (f/fg=1.49), 3.14x 105 
as disks (f/fy=1.67), 3.72 x 105 
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Tasis V 


Sedimentation Constant of Frs. IV; and IV. 





Sedimentation constant x 10* 
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Fr. ti: Ng Value Average of 
2 ; a the measured Soo, 
S e measured* sepia’ 
S a = values 
& om 
’ pe 480 | 0.10 8.68 
; . a 480 0.09 7.70 
2 9 ¢ C 
IV;, —- 480 0.10 8.42 807 907 
2 cet +80 0.09 7.46 
o] 6.47 
: “" 480 0.08 6.96 
. ae 480 0.08 6.92 P 
3 2 ~ a 
si ~ eed 480 0.07 5.98 - etd 
5 6 34 480 0.07 5,92 


* Rotor temperature: Fr. IV;, 22°C; Fr. IV2, 23.2°C. Soo is the value for the 


medium assumed as possessing the density and viscosity of water at 20°C. 


DIscussION 


In the present investigation, no group conversion in vitro!)!4) was 
encountered, but Group B potency was not elevated at and after the 
third stage of purification or was even lost entirely at a later stage. On 
the other hand, the writer, as will be described in the Appendix, could 
not detect Group O lipid in livers of persons belonging to Group O. Ac- 
cording to Masamune, some disaccharides can make the determinant 
group of any of artificial Group A, B and O substances, if fixed to an ap- 
propriate aglycon or aglycons, but some, which make those of artificial 
sroup A and B substances, can not constitute a Group O substance with 
any aglycon. Therefore, it is not astonishing that the decrease of Group 
B potency above was not accompanied by appearance of Group O potency, 
although cleavage of a bond or bonds, be they chemical or physical, be- 
tween the carbohydrate (determinant group) and aglycon moieties other 
than the N-glycosidic is supposed to entail the suspended state of the 
former moiety necessary to O-activity. That no Group A isomer formed 
during preparation of the lipid despite of the disappearance of the Group 
B potency may be explained by the difficulty in close attachment to the 
aglycon moiety of the surface of the determinant group which became 
adjascent by anomerization at the N-glycosidic link. S. references 14)-18). 


SUMMARY 


1. Livers from persons belonging to Group B were fractioned to 
isolate the Group B lipid by a procedure different from the one which 
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had been previously applied in this Institute. 

2. Of the preparations, one was Group B active, though weak, but 
the others obtained in a similar manner were group-inactive. One of 
the latter was compared chemically and physically with the former. i) 
They both showed a single boundary after electrophoresis as well as after 
ultracentrifugation. ii) They both contained chondrosamine, galactose, 
glucose, a fatty acid or acids, ethanolamine, glycine, serine, aspartic 
and glutamic acid and glycerophosphoric acid. iii) They analyzed similar 
on several constituents. Thus they showed no difference from each other 
in chemical respects so far as examined, and resembled the preparation 
of Masamune et al. of Group A lipid from the same source as well, sug- 
gesting the homogeneity of the electrophoretically pure preparations of 
group lipids not only from human liver but also from other tissues. iv) 
The two preparations, however, differed from each other regarding 
axial ratio of molecule and molecular weight. 

3. Group B potency was scarcely elevated or lost during preparation 
of the group lipid, nevertheless, the products showed no Group A nor O ac- 
tivity, that is, no group conversion was recognized contrary to the case of 
group lipids from hog and human lungs. The mechanism involved is discus- 
sed, resting on the view of Masamune on group interconversion in vitro. 


Through the Grant Committee for Scientific Researches, the Ministry of 
Education gave a grant in aid to us. H. Masamune. 
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Appendix : 
Lack of Group Lipid in Livers of Group O Persons 
By 
Yuh-iti Suzuki 


Mixtures of a part of livers from Group O persons were dehydrated and 
fractioned with organic solvents, but neither Group O nor Group A nor Group 
B activity was detected in the fractions. Further a fresh liver from a person 
belonging to the same blood group was assayed after washing with physiological 
saline, but was also found group inactive. 

1) A part of livers of Group O individuals were mixed and subjected to 
the Ist and 2nd stage operations of the preparation procedure in the text, and 
the fractions below were assayed regarding blood group activity. 

Ist stage: Fr. I, the substance that dissolved in acetone and precipitated 
on chilling; Fr. Il, the substance that remained in the mother fluid; Fr. II, 
the substance that dissolved in dry ether and was precipitated with acetone 
after condensation. 

2nd stage: Fr. IV, the substance that dissolved in Klenk solvent, and 
precipitated, when condensed and chilled; Fr. V, the still-residue of the solu- 
tions in Klenk solvent; Fr. VI (corresponding to Fr. II in the case of the 
Group B livers), the substance which was taken up in ether saturated with water, 
condensed and precipitated with acetone. This showed the positive Molisch 
and Bial (giving rise to green coloration) reactions. 

Group assay. It was effected as described in connection with the Group 
B lipid, replacing an eel serum (Anti-E) for Anti-OS, and gave results: 


Dilution of the substances (1: ) 





Fr. Re Se r ~ 
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A a - + - = + + + 
van 2 B + + + + # H+ 4 
O Anti-E Si + + + Ht tt tt 
O Goat + + + + +4 +4 H# 


(+ hemagglutination was recognized with the naked eye, ++ marked 


< 


hemaggl., +} strong hemaggl.) 


The assay was repeated after preserving the fractions in a desiccator for 
4 and 15 months (Cf. Masamune and Akama!)), Anti-O erythrocyte chicken 
serum was used in the second time and Anti-OS in the third time in place 
of Anti-E. The results were the same as in the first time. 

2) A part of fresh livers from Group O persons were dehydrated together 
by standing in 91% alcohol, and ground. The material was then boiled with 
99% alcohol repeatedly, and the solutions were united and placed in an ice 
chest overnight. The precipitate (Fr. I’) was separated in a centrifuge, and 
the supernatant was condensed and precipitated with acetone (Fr. II’). Frs. 
I’ and II’ were assayed with respect to group activity as in 1) with an a, a 
B, an eel- and an anti-O goat-serum. But the results were all negative. 

3) A 50g. portion of a fresh liver from a Group O person was masticated 
and washed several times with physiological saline, then it was put in 100 cc. 
of the saline and placed overnight in an ice chest. 5g. (wet weight) of the 
tissue thus treated were kneaded with 5 cc. of the saline into a paste, alkalized 
to pH 8.2 with 1.1 cc. of 0.1 N NaOH and again placed in the ice chest. The 
tissue swelled extremely with decrease of the pH of the mixture to 7.0. The 
viscous, pale pink mixture was added to with 1.1 cc. of 1.8% NaCl, made up 
to 25 cc. with physiological saline and subjected to the serological assay (Sera 
used were an a, a f, an anti-E and a normal anti-O goat serum) with nega- 
tive results again. 
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Biochemical Studies on Carbohydrates 


CLXXXIII. Fractionated Determination by Paper Partition 
Chromatography of Glucosamine and Galactosamine 
in Their Mixtures 


By 
Hajime Masamune and Zensaku Yosizawa 
GE 5 =< GF IR 2 A) 
From the Medico-chemical Institute, Tohoku University, Sendai 


(Received for publication, June 30, 1955) 


In order to separately analyze glucosamine and galactosamine in 
their mixtures, Annison ef al.) fractioned the dinitrophenyl-derivatives of 
them by means of a borate-buffered kieselguhr column, and Leskowitz 
and Kabat? reduced them with sodium borohydride to fraction the hexo- 
saminitols, thus obtained, as dinitrophenyl-derivatives with a borate-buffered 
silicic acid-celite column. On the other hand, Gardell*) and Rondle and 
Morgan*’ employed Dowex 50 and Zeocarb 225 respectively to separate 
hydrochlorides of the aminosugars from each other. Furthermore, Slein® 
devised a method, resting on the fact that glucosamine but not galacto- 
samine is phosphorylated by yeast hexokinase in the presence of ATP. 

Since those methods are either intricate or costly, the writers tried 
to invent a simple and inexpensive practical method on the principle of 
paper partition chromatography. Aminoff and Morgan®) reported a paper 
chromatographic procedure, but the basic collidine they used as a solvent 
destroys considerably the aminosugars during irrigation. After examina- 
tion of various solvents, the writers became aware that a mixture of butanol 
and pyridine acidulated with dilute hydrochloric acid separates the amino- 
sugars from each other well without decomposition of the latter. The 
analytical procedure will be described below. 


Principle 


The total hexosamine content of the unknown is estimated by a 
modified Blix?’ method on one hand, and on the other, the substance hy- 
drolyzed is chromatographed with the solvent above, and the uncolored 
spots of glucosamine and of galactosamine are cut out separately after 
carefully drawing a line midway between them under control with the 
spots, which are given by parallel running of standard mixtures of the 
two hexosamines and colored, as well as the yellow line of hydrochloric 
53 
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acid, which precedes the aminosugars during irrigation, followed by 
subjection to the color reaction. The amounts of the individual hexo- 
samines are calculated from the total amount and the mutual ratio of 
the hexosamines, because the ratio is more reliable than the analytical 
figures of the individual spots themselves. 


Technique of Analysis of Total Hexosamines 


A minor modification of Blix method is applied. 

1) Hydrolysis. 0.5-1.0 cc. of a solution containing an amount be- 
tween 0.15-0.50 mg. of the unknown in terms of hexosamine is heated 
in a stoppered glass tube, constricted and marked at 10 cc., with 5 cc. of 
2 N HCI for 15 hours in a boiling water-bath. When cold, the hydrolysate 
is added to with | drop of a very dilute methylred solution, neutralized 
with 4 N NaOH to pH 6.0-6.5, and made up to 10 cc. with water. 

2) 2cc. of this solution are pipetted into a modified Thunberg tube 
(Fig. 1), added to with 2 cc. of the acetylacetone solution of Blix [Dissolve 
3cc. of acetylacetone in 10 cc. of 1.25. N Na,CO, and stand for 1/2-1 
hour at room temperature (18-20°C)], and after excluding air from the 
tube by means of a jet pump, heated in a boiling water-bath for 20 minutes 
(The content is mixed by turning over the tube after 1 minute of heating), 
followed by cooling under running water. 

3) The cold mixture is added to with 20cc. of 96% alcohol and 
2cc. of the Ehrlich reagent of Blix [Dissolve 1.6 g. of p-dimethylamino- 
benzaldehyde in 30 cc. of conc. HCl and add 30 cc. of 96% alcohol] in 
turn, each time with following shaking, and stood at room temperature 
for more than 45 minutes to measure the extinction at the wave-length 
of 537 mp against the blank within a few hours. In parallel with the 
main, a standard solution is colored, that contains an amount of gluco- 
samine or of galactosamine not far divergent from that of the total 
hexosamines in the main run. 

4) Calculation. The total hexosamine content of the unknown is 
computed from the extinction which is a straight line function of the 
amount. It must be expressed either as glucosamine or as galactosamine, 
because under the above conditions of analysis the extinction for galac- 
tosamine matches 93°, in averages of that for the same amount of the 
other kind of hexosamine. 


Technique of Analyzing the Indivudual Hexosamines 


Apparatus. Inside a glass box of 65cm. height and 40 and 35 cm. 
sides is fitted up a 7 cm. wide glass shelf between the central parts of the 
longer sides 15 cm. below the ceiling. On the shelf is mounted a square 
glass trough (depth 60 cm., sides 26 and 7 cm.) for the irrigation solvent. 
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Irrigation solvent. 450 cc. of a mixture of butanol, pyridine and water 
in the volume proportions of 5:3:1 are added to with 2. N HCl in small 
portions to pH 5.5-6.0, and made up to 500 cc. with water. 

Paper for the chromatography. A 56x 24.5cm. square of Toyo Roshi 
filter paper no. 3 (Other nos. for quantitative analysis are also of use) 
is sectioned by pencilling straight lines in parallel with the longer margins, 
as shown in Fig. 2. The side sections (1 and 5) are wider than the inner. 
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Procedure. The total hexosamine content is determined as above. 
If the unknown material is readily hydrolyzable, a half of the hydrolysate 
there is analyzed with respect to the total hexosamines after neutra- 
lization, and the other half is used for the fractionated analysis below, 
and if not, an amount from 0.15 to 0.50 mg. of it is weighed and hydro- 
lyzed with 6 N HCI in a similar manner as with 2 N HCl. The hydro- 
lysate is transferred to a small glass dish and freed from HCl as far as 
possible by repeated evaporations to dryness in vacuo over solid an- 
hydrous CaCl. and caustic soda at 30-40°C, with addition of water in 
the second and following times. The final residue is added to with a 
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definite volume of water from 0.05 to 0.1 cc., and centrifuged when request- 
ed, and aliquots of the clear solution (It ought to be of a pH value higher 
than 2.0) are sampled on the horizontal line of Sects. 2 and 4 of the paper 
square. Two standard solutions, containing glucosamine and galacto- 
samine in slightly larger and slightly smaller proportions than the corre- 
sponding proportion in the unknown, are sampled separately on Sects. 
1 and 5, and another standard solution of the hexosamines in the ratio 
resembling that in the unknown on Sect. 3 (The mutual ratio of the hexo- 
samines in the unknown is roughly determined by a preliminary test on 
two 12x55 cm. slivers.) Descending irrigation is effected at 22-28°C. 
When the pale yellow line owing to the hydrochloric acid comes down 
near the bottom, the square is dried in air and scissored into the sections. 
The sections are then passed through dry ether to eliminate adhering 
butanol and again dried in air. 

Next, Sects. 1, 3 and 5 are warmed carefully over a mild heater to 
indicate the spots (Those in Sects. | and 5 may be also indicated with 
the aniline hydrogen phthalate reagent of Partridge), and after rearranging 
all the sections together as before they were cut asunder, lines are pencilled 
in the middle between the spots of glucosamine and galactosamine in 
Sects. 2 and 4 by connecting those in Sects. 1, 3 and 5 parallel with 
the hydrochloric acid line. The light colored spots in Sect. 3 are cut 
off the sliver and subjected to the color reaction as described below. If 
it is ascertained that the original ratio between the two hexosamines is 
maintained here, which is usually the case, the uncolored spots in Sects. 
2 and 4 are cut out with a sufficiently wide surrounding. 

Each of the spots cut off the sliver is further cut into small pieces 
and put into the modified Thunberg tube, and 2 cc. of 5.85% NaCl are 
added. The mixture is colored by treatment with the acetylacetone and 
p-dimethylaminobenzaldehyde solutions in turn as in analysis of the total 
hexosamines. 

Remark: The extinction for galactosamine paper-chromatographed 
reaches 96% of that for an equivalent quantity of glucosamine similarly 
treated, diverging from the case above, where the hexosamines are de- 
termined immediately by the color reaction. 

It is desirable to duplicate the whole procedure with two paper 
squares hung from the opposite sides of the trough. 

Calculation. The glucosamine and galactosamine contents (per- 
centages) x and _y of the unknown are calculated by equations: 


40.93 \. x 
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x(1 =T and y=, 
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where T is the total amount in g. of the hexosamines expressed as gluco- 
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samine in 100 g. of the unknown, r is the quantitative ratio of glucosamine 
to galactosamine and 0.93 is an empirical extinction coefficient for galacto- 
samine against glucosamine (See above). 


Comment 


1) The two hexosamines in various mixtures of their hydrochlorides 
were recovered by the present procedure as much as 97—103%, as shown 
in Table I, excepting those mixed in proportions deviating more than 


TS. 


TABLE I 


Recovery of Glucosamine and Galactosamine from 
Mixtures of Their Hydrochlorides 





Amount sampled 


of the hydroch- Recovery 
lorides as free bases 
(feg-) : eee — 
: Total hexos- Glucosamine Galactosamine 
b 8 a . Glucosamine 
5° oe as glucos- Ratio Gal : 
3 3 = 5 amine salactosamine wit. ae a ™ 
Os Os (eg.) om, ’ 
30 30 58 1.01 30.2 101 29.9 100 
30 60 85 0.49 29.3 98 59.8 100 
50 50 95 1.00 49.2 98 49.2 98 
50 100 146 A 0.48 49.6 99 103.3 103 
60 30 87 2.01 59.5 99 29.6 99 
90 30 119 3.02 91.0 101 30.1 100 
100 50 149 2.02 102.1 102 50.5 101 
100 100 198 1.02 103.5 104 101.4 101 


2) When mixed together, the individual hexosamines amounting to 
30-120 yg. are clearly separated from each other by the chromatography, 
but those less than 20 wg. and those more than 150 yg. are not. 

3) Other kinds of sugar and amino acids interfere with the fraction- 
ated analysis sparingly. 

4) R, (rate of flow of a compound as against rhamnose) values of 
various sugars chromatographed with the present solvent will be ap- 
pended in Table II. 


SUMMARY 


1. Blix method for hexosamine analysis is modified. 
2. A paper-partition-chromatographic procedure of analyzing gluco- 
samine and galactosamine in their mixtures is described. 
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TaBLeE II 
Average R, Values of Sugars Run in the Descending Way 
with Butanol-Pyridine-Dil. HCl (5:3:2 by volume) 
Temperature of test may be varied between 22° and 28°C. Duration of 
test, 16 hours. Indicator aniline hydrogen phthalate. 





Sugar R, value 
L-Fucose 0.82 
Xylose 0.78 
N-Acetylglucosamine 0.77 
N-Acetylgalactosamine 0.74 
L~Arabinose 0.69 
Mannose 0.68 
Fructose 0.68 
Glucose 0.60 
Galactose 0.53 
Glucosamine hydrochloride 0.45 
Galactosamine hydrochloride 0.38 
Lactose 0.29 


Through the Grant Committee for Scientific Researches, the’ Education 
Department gave a grant in aid to us. H. Masamune. 
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Note at proof-reading: In their recent article, Rondle and Morgan (Bioch. J., 1955 
61, 586) said that glucosamine and galactosamine are colored in equal strengths by Elson- 
Morgan reaction. The alkali of a higher concentration we preferred in acetylacetone treat- 
ment probably decomposed galactosamine in part, which is more unstable than glucosamine, 


entailing less intensive coloration. 
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Regarding our procedure for determining amino acids and amines 
in their mixtures,!) two corrections have to be made. When the method 


was devised, optical densities were measured roughly by the aid of a 


Spekker photometer with the naked eye. Contrary to the figures thereby, 
those obtained afterwards by examination in a modified Beckman spec- 
trophotometer (Hitachi EPB-U type) beautifully conformed to Lambert- 


Beer law, as is shown in Table I and Fig. 1. Second, two-dimensional 


TaBLeE I 
Extinctions at the Wave-length of 570 my, as 
Measured _ in the Spektrophotometer 
Cell 1 cm. thick. 








Amino acid or amine | Extinction when analysis was processed 





Wt. (7) in terms 


of amino-N or of On individual amino After irrigation of a 
Name a-amino-N in! acids or amines sampled mixture of the amino 
cases of hexone on paper* acids and amines 
bases 
es ae ———— Reon nese = 
0.192 0.189 
Glutamic acid 8 0.385 0.376 
12 0.562 0.563 
+ 0.185 0.183 
Aspartic acid 8 0.382 0.366 
12 0.565 0.553 
a 0.182 0.182 
Valine 8 0.380 0.370 
12 0.562 0.550 
4 0.188 0.182 
Histidine 8 0.385 0.370 
12 0.555 0.546 
$ 0.180 0.180 
Alanine 8 0.359 0.360 
12 0.552 | 0.540 
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Amino acid or amine Extinction when analysis was processed 


Wt. (7) in terms 


: of amino-N or of On individual amino After irrigation of a 
Name a-amino-N- in| acids or amines sampled mixture of the amino 
cases of hexone on paper* acids and amines 
bases 
+ 0.180 0.180 
Glucosamine 8 0.359 0.356 
12 0.580 0.537 
4 0.185 0.181 
Galactosamine 8 0.360 0.355 
12 0.553 0.533 
4 0.180 0.174 
Leucine 8 0.385 0.353 
12 9.552 0.526 
+ 0.175 0.172 
Glycine 8 350 0.346 
12 0.528 0.525 
4 0.17 0.171 
Serine 8 0.355 0.345 
12 0.525 0.524 
+ 0.170 
Arginine 8 0.340 
12 0.506 
+ 0.169 
Threonine 8 0.345 
12 0.506 
3 0.079 0.077 
Ethanolamine 8 0.160 0.156 
12 0.255 0.233 
+ 0.017 0.029+ 
Proline 8 0.028 0.062+ 
12 0.043 0.090+ 


* No irrigation. + Extinction at 440 mu. 


development of the chromatogram has been adapted instead of the one- 
dimensional to meet the purpose of analyzing more of amino acids and 
amines. The solvent systems are a mixture of butanol, glacial acetic acid 
and water in the volurne proportions of 4:1:2 and a M10 borax-phenol 
mixture in the proportion of 14:86 by volume. Besides, Toyo Roshi no. 
50 has been replaced for Toyo Roshi no. 3, because it gives more repro- 
ducible results. To describe the modification in more detail :— 

A 40x40cm. square of Toyo Roshi no. 50, spotted with an amino 
acids and amines mixture, is irrigated at first with the solvent butanol- 
glacial acetic acid-water and dried in air, then it is spread on a glass 
plate, sprayed with M/10 borax as uniformly as possible so that it may 
change evenly translucent (8-10 cc. of the borax solution are required), 
and again dried in air. Next, it is irrigated with the other solvent, washed 
exhaustively with dry ether and dried in a chamber ventilated with air 











be 


yI 














On Determination of Amino Acids and Amines 61 
~ 
yt 
2 
3 
At 
5 
Ost 
04 
x 
a 
> O3F 
5 
0.2F it 
VY, a 
Ol . 7 
C7 
4 6 8 76 72 


Amount of amino acids or amines tn terms of amine-N 
or of a-amino N in hexone bases ‘7r) 

Fig. 1. Plotted from the extinctions in Table I as a function of the 
amount of an amino acid or an amine in terms of amino-N or of ¢-amino-N 
in the cases of hexone bases. 

1: glutamic acid. 2: aspartic acid, valine, histidine. 3: alanine, 
glucosamine, galactosamine. 4: leucine, glycine, serine. 5: argi- 
nine, threonine. 6: ethanolamine. 7: proline. 


at below 30°C. The primary and secondary irrigations are effected for 
20-21 hours and for 28-29 hours respectively at 24-25°C. The chroma- 
togram is preliminarily indicated with a 0.1% ninhydrin solution in a 
7:3 ethanol-glacial acetic acid mixture by volume and the spots thus out- 
lined are cut out to subject to the full coloration and following extinction 
measurement described in the original article. 
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Sphingosine in biological materials had been tested by the method of 
Pettenkofer or Thudicum! and those available for detecting the amino- 
or alcohol-group which are all non-specific, before our procedure”? utilizing 
paper partition chromatography was devised, in which the sphingosine 
spot of a definite Rf value is indicated by the aid of a ninhydrin or an alka- 
line permanganate solution. Since, however, the chromatographical 
method can not be applied to a minute amount of sphingosine, we have 
recently invented another procedure specific to sphingosine and dihydro- 
sphingosine and sufficiently sensitive, resting on a color reaction. 


Principle 


Sphingosine or dihydrosphingosine set free by hydrolysis of a biologi- 
cal material is subjected to mild oxidation by means of sodium hypobromite 
to convert the primary hydroxyl into carbony]l*) retaining the amino group 
as such, followed by condensation with acetylacetone. On treatment with 
Ehrlich p-dimethylaminobenzaldehyde, the product gives a violet dye 
showing a spectrum with two absorption maxima at the wave-lengths of 


520 and 555 mu (See Fig. 1). 


Reagents 


1) Reagent A. 1 g. of bromine is dropped into 5 cc. of 30% NaOH 
(w/w) under cooling in ice, and the mixture is added to with 6cc. of 
dioxane (aldehyde- and acetal-free), agitated and centrifuged. The under- 
layer is used for the test. 

2) Reagent B. 5cc. of 1N Na,CO, and 0.05 cc. of acetylacetone 
are mixed together. This reagent must be freshly prepared. 

3) Reagent C. 0.4. of p-dimethylaminobenzaldehyde is dissolved 
in 15 cc. of conc. HCl and diluted with 75 cc. of 95% ethanol. 
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Fig. 1. Showing spectra after the present reaction of 62 and 15 yg. 
of sphingosine ((I) and (IT) respectively) and of 31 «eg. of dihydrosphingosine 
(III). Cell 1 cm. thick. 


Procedure 


A few mg. of a sphingosine and/or dihydrosphingosine containing 
material such as protagon are hydrolyzed with 3 cc. of 6 N HCl in a sealed 
tube by heating at 100°C for 5 hours, and when cold, exhausted with 
3. cc. portions of chloroform. The chloroformic solutions are combined, 
washed with water twice, and evaporated in a test tube (1.5 15cm.) 
in a boiling water-bath. The tiny residue is kneaded with 0.5 cc. of 
Reagent A and placed at room temperature for 5 hours. To the mixture 
are then added 2 cc. each of water and chloroform in turn and shaken 
vigorously, followed by centrifugation. The upper aqueous layer is 
siphoned out, and the ¢hloroformic solution here is also evaporated under 
a fume absorber to dryness by heating in boiling water. The residue 
given is added to with 2 cc. of Reagent B, heated in boiling water for 
15 minutes and cooled under running water. Thereafter, the solution 
is mixed with 2cc. of Reagent C, agitated thoroughly and heated for 
20 seconds in boiling water to start coloration. A purple color with pink 
shade occurs with a spectrum possessing two peaks at the mentioned 
wave-lengths. 


Sensitivity of the Reaction 


15 ug. of sphingosine or dihydrosphingosine give a distinct color. 
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The color given by 7.5 ug. of sphingosine or the sphingosine derivative is 
perceptible only when examined against the blank, but its spectrum is 
still well recognized. This sensitivity is surprisingly high as compared 
with that of the paper-chromatographical method, in which 80 or 150 
ug. of sphingosine are the smallest detectable quantity. 


Remarks 


The color produced by this reaction develops much slower and with 
more blue nuance than that which appears when hexosamines are assayed 
according to Elson and Morgan.‘ In addition, their spectra differ from 
each other, the spectrum in the case of the hexosamine test possessing only 
one peak at the wave-length of 575 mu. 


The expenses of this work were defrayed by a grant which was given from 
the Ministry of Education through the Grant Committee for Scientific Re- 
searches. H. Masamune. 
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In 1941, Kobayasi et al.”) investigated the composition of the group 
substances from human urine. Nevertheless, their preparations are not 
warranted as pure, and besides, the examination methods were very crude 
as compared with those of to-day, requesting a new study. The A, B 
and O (H) group substances (glucidamins) have been isolated now in an 
essentially homogeneous state in the electrophoretical aspect, and ex- 
amined regarding their physical as well as chemical properties particularly 
with concern about the differences among them. 


EXPERIMENTS WITH COMMENTS 
Preparation Procedure 


Urine was collected from secretors separately according to Group A, 
B or O, and after addition of 1 cc. of a 5% alcoholic thymol solution per 
liter, dialyzed against running water for 1.5 to 2 days depending on the 
temperature of the running water, until SOQ,- and Cl-ions were scarcely 
detected. Longer dialysis entailed considerable loss of the group sub- 
stance and abundant formation of nubecula. 10 to 20 liters of urine, 
thus dialyzed and pooled, were added to with 5 cc. of the sat. lead acetate 
per liter, and the bulky deposit which settled to the bottom on standing 
for 2 hours, was separated by decantation or siphoning out of the super- 
natant and subsequent centrifugation. It was washed with 2.2% lead 
acetate, suspended in 100-200 cc. of ice-water and decomposed by ad- 
dition in small portions of 1 N H,SO, under vigorous agitation to pH 
1.2 (against cresol red). Lead sulfate was centrifuged off and washed 





* Read before the 27th Annual Meeting of the Japanese Biochemical Society, Kyoto, April 
2-5, 1955.1) 
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exhaustively with 50 cc. portions of 0.1 N H,SO,, and immediately there- 
upon the supernatant and washings were dialyzed together for one day, 
when its pH increased to 5-6, distilled under reduced pressure to a viscous 
fluid and poured into 10 volumes of abs. alcohol under stirring. The 
flocculent precipitate was separated in a centrifuge and dried in vacuo 
over CaC]l,—Crude Group Glucidamin. The average yield for 10/. 
urine was 0.5 g. 

Next, a batch was taken up in 50 volumes of water and fractionated 
by precipitation with increasing volumes of alcohol. But, as shown in 
Table I, the group substance was disseminated among all the fractions, 
and even the fraction richest in the group substance proved inhomogeneous 
after electrophoresis. Therefore, a simple electrophoretic apparatus illu- 
strated in Fig. 1 was invented for the preparative purpose. 


TABLE I 


Isohemagglutination Inhibition of Portions Fractionally Precipi- 
tated with Alcohol of a Batch of the Crude Group A Glucidamin 
—: no hemagglutnation, + faint hemaggl., + slight hemaggl., 
++ marked to strong hemaggl. (Regarding method, see Masamune ef al.)) 





Dilution of the substances (1: _ ) 


2x 4x 8x 16x 3.2x 64x 1.28 2.56 
10° ~=108 10° 10° 10* 105 108 xl x10 





Fr. ppt. with alcohol at: 


Crude Group Glucidamin i. _ = _ = = 


+ H + 
0-50%. | - - - #£ + + + #+ +4 
50-7526 } - - - = = = + # + 
75-852 e — — _ - + H+ + H+ 
85-9022 +sod. acetate | _ —_ ee _ + 4. on H + 


Its main part is made up of two portions. One is a vertical tube (6 x 
155mm.) which is again constituted of two segments. The upper 115 mm. 
long segment (a;) has a cock (b) and a sheath (c). The lower segment (as) 
is attached with a cup (d) for receiving the sheath above (ground joint). The 
lower end of segment a2 is connected with a rubber tube (f) leading to the 
cathode (or anode) vessel (g). The other portion consists of two funnels of 
45 mm. diameter /,; and jz (ground joint) in which a platinic anode (or cathode) 
/ and the upper half of segment a, are fitted respectively. 

The material to be fractioned is previously examined as to the moving rates 
of the ingredients in buffers of different pH and I values by means of a Tiselius 
apparatus, to pick out the conditions under which a particular ingredient or 
ingredients are pulled out of a,, while the others are retained in the segment, 
or vice versa by an electric current. In the fractionation, 200-250 mg. of a 
material are taken for one run and dissolved in 2-2.5 cc. of a suitable buffer. 
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Rubber stopper 





Fig. 1. The main part (A, 
< 1/3) and the assemblage (B) of 
the electrophoretic sedimentation 
apparatus. 


fitted together, the device is 
placed in a_ thermostatic 
trough, through which water 
of regulated temperature runs. 
Finally cock 6 is opened and 
a stabilized smoothed current 
is sent for a duration of time 


To set the apparatus to work, the 
contact surface of segments a, and de are 
greased with vaseline and after filling a, 
with the buffer (siphoned out of the ca- 
thode vessel), put together interposing a 
cellophane membrane e. Cock bis opened 
and the solution is poured carefully into 
a,. The cock is closed, the excess solu- 
tion above the cock is drawn out, and 
segment a, and compartiment j, are filled 
with the buffer. The mouth of funnel 
ha is greased with veseline and covered 
with a cellophane membrane (7), and 
funnel 4;, whose mouth is also greased 
with vaseline, is fixed upon the mem- 
brane. Followingly, the buffer is pour- 
ed into compartment j,; through a fun- 
nel connected with glass tube k by 
means of a rubber tube. When thus 


+(or—) Ss eee 
| —  —=—{or=) 
\b}-—, 
—TTT aa 
aphite electrode 


- Rubber thread 


Rubber tube 








calculated from the result of 
a preliminary examination. 








The moving ingredients fall suddenly owing to decrease of the current density, 
when they reach compartment jo, and form a thick refractive layer at the 


bottom of this compartment. 


This procedure of fractionation might be designated as electrophoretical 
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sedimentation method. 


To fraction the Crude Group Glucidamins by the present method, 
acetate buffer of pH 4.6 and I 0.1 was employed. 

In a prior attempt the veronal buffer of pH 8.6 and I 0.1 was examined besides. In this 
buffer the Crude Group A Glucidamin gave four boundaries, three moving (toward the anode) 
and one stationary, in the Tiselius apparatus. The most slowly moving contained the group 
substance, but after separation, it was found to be further divisible into two ingredients by electro- 
phoresis in acetate buffer of pH 4.6 and I 0.2. 


In the preliminary examination in the Tiselius apparatus, the sub- 
stance showed five boundaries, four moving (toward the anode) «, #, y 
and 0 as arranged in velocity sequence, « being the quickest, and one 
stationary (probable concentration boundary) e (Fig. 2). The section 


eds yp x 


starting current 





Time (minutes) after 





1» Anode 


Asc. 


Fig. 2. Electrophoretic patterns (4/5) of a 1% solution of 
the Crude Group A Glucidamin in acetate buffer pH 4.6, I 0.1; 
temperature 10°C; current 8 mA. Ascending limb only is shown 


in (b). 


area of the U-tube was 0.30 cm?, current was 8mA, and temperature 
was 10°C. And the distances travelled per hour were 2.5, 1.7, 1.0 and 
0.45 cm. respectively. Therefore, in order to pull the three moving in- 


gredients corresponding to boundaries «, 6 and y out of a, of the prepara- 


tive apparatus, whose section area is 0.38 cm’, ue ae =14.56 hours 


are required, when the same current is passed at the same temperature. 
The most slowly moving, which contained the group substance, moves 
in this time to the portion between 5.3 cm. and 8.3 cm. above the bottom 
of a,, provided that the boundary disturbance, due to diffusion and heat 
production, and other influences are neglectable. In effect, the electro- 
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phoresis was continued for 15 hours. The refractive layer in the compart- 
ment was separated by means of a syringe after siphoning out the upper 
buffer layer, and precipitated with abs. alcohol. The deposit was washed 
with 90% alcohol and set aside in a desiccator. The fluid in a, was drawn 
out, precipitated, washed and dried in a similar manner. The product 
here was subjected to the whole procedure of the sedimentation method 
over again—Group Glucidamin. | g. in averages of a white powder with 
greyish hue was yielded for 100 /. of urine, irrespective of the blood group. 


Properties of the Group A, B and O Substances 
Blood group potencies 


The assay was processed as described by Masamune ef al.*) The 
result is shown in Table IT. 


TABLE II 


Hemagglutination Inhibition of the Preparations of 
the Group A, B and O Substances 


Anti-E: an eel serum, Goat: a normal anti-O goat serum, Anti- 
OS: an anti-OS saliva chicken serum. The antisera were diluted to 
titre 16 before use. — no hemagglutination, + faint hemaggl., + 
slight hemaggl., ++ marked, to strong hemaggl. 





S Dilution of the substances (1: ) 
2 E Red Serum = : na ier < : Cie ees a eee ne 
68 | cells) © 2x 4 8x 16x 32x G4Ax 123 25 _ 
Og 18 10 10 10 104 104 108 xX 10® x 108 
A a = -- _ — — — — + + +t 
B | B + ++ + + + + + +H tt ++ 
A O | Anti-E + ++ at +h ++ +t + ++ ++ ++ 
O § Goat = = + ++ oe at +h ++ +h th 
O | Anti-OS = + + +t +t ob +h at +t + 
A a st +h ++ ++ +t +t 4h +h 4+ +t 
B B _ = — _- - _ - + ++ +h 
B O | Anti-E + ++ + ++ +t +t it 4h +h +e 
O — Goat — - — + ++ ++ +t ++ ++ ++ 
O | Anti-OS — ++ ++ + ++ + + ++ ++ + 
A a it +t ++ ++ ae ++ ++ +f +t ++ 
B 3 4t +h ++ ++ +t ++ 4h ++ ++ te 
O O | Anti-E + +h ++ ++ ot ++ ++ 4h +t +t 
O — Goat — - - ~ ~ -- + 4h +t +e 
O- Anti-OS — _ = = + ++ + + ++ 


The products from the urine of A and B secretors both inhibited the 
agglutination of O erythrocytes by the normal anti-O goat- and the anti- 
OS saliva chicken-serum, as had been anticipated from Ro’s finding that 
the urine, condensed and dialyzed, of individuals belonging to Group A 
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or B showed potency of binding anti-O erythrocyte goat-agglutinin, though 
little, besides that of binding «- or #-agglutinin.t’ Whether the A and 
B substances possess a Group O-active partial structure in their molecule, 
or a Group O substance is secreted besides the Group A or B substance, 
or a Group O substance is formed from the A and B substances in urine 
after secretion from the kidneys or from the ureters and during isolation®’ 
of these group substances is an interesting problem to be settled. 

In addition, it is noteworthy that the Group O substance could not 
interfere with agglutination of O erythrocytes by the eel serum. 


Chemical properties 


Qualitative test-tube tests 

The group substances behaved similar to one another, all giving 
results following: biuret +, Osaki-Turumi, direct and indirect +, 
Molisch +, Goldschmiedt and Neuberg-Saneyoshi —, hydrolysable sulfur 
—, organic phosphorus +, purine (Kossel) —, sialic acid (orcinol method 
and direct Ehrlich) +, Hopkins-Cole +. 

Paper partition chromatography 

1) Amino acids. Hydrolysis of the group substances was effected 
with 6 N HCl. In any of the three substances were found aspartic and 
glutamic acid, glycine, serine, threonine, alanine, tyrosine, valine (Me- 
thionine could not be detected with sodium azide and potassium iodide), 
leucine and/or isoleucine, proline, histidine, arginine and cysteine by 
butanol-gl. acetic acid-water (4:1:2 by volume)/phenol-0.05 1/7 borax 
(8:2 by volume) and butanol-pyridine-water (3:5:5 by volume) /phenol- 
0.05 M borax (8:2 by volume) chromatographies (Fig. 3 (A, B, C, D)). 


Butanol-acetic acid -water JOhrs. 
(primary irrigation) 











Phenol-0.05 M borax /hrs. 
(secondary irrigation) 
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Phenol-0.05M borax L1hrs, 
(secondary irrigation) 


Since the substances showed the positive Hopkins-Cole reaction (S. above), 
they contained tryptophane besides. 

2) Sugars. Sugars are liable to decomposition when glucidamins 
are hydrolyzed with 1 N H.SO, or 1 N HCl. It is because there is present 
a comparatively large amount of such amino acids as tryptophane, hexone 
bases, serine and threonine. And, moreover, the intermediary products 
in humin formation make difficult paper-chromatographic separation of 
the sugars from one another. Hence, here, Dowex 50 (250-500 mesh, 
H-form) was employed in place of a strong acid with a satisfactory result. 
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Fig. 3. Butanol-glacial acetic acid-water/phenol-0.05 M borax chro- 
matograms (x 1/5) of the hydrolysate of the Group A (A), B (B) and O (C) 
substances and _ butanol-pyridine-water/phenol-0.05 M borax chromatogram 
(x 1/5) of the Group A (D) substance hydrolyzed. (The chromatograms by 
the latter two solvents in the Group B and O substances are omitted.) Tem- 
perature of test 24°C. Indicator ninhydrin in a 7:3 ethanol-glacial acetic 
acid mixture by volume. 

1: aspartic acid, 2: cysteine, 3: glutamic acid, 4: serine, 5: 
glycine, 6: threonine, 7: alanine, 8: hexosamines, 9: histidine, 

10: arginine, 11: proline, 12: valine, 13: tyrosine, 14: leucine 

and/or isoleucine. 

Fig. 4. Butanol-pyridine-water chromatograms (2/15) of the  fil- 
trates (A) and the eluates (B) from Dowex 50 after hydrolysis of the group 
substances with the resin. Duration and temperature of irrigation 24 hours 
and 24°C. Indicator aniline hydrogen phthalate reagent of Partridge. 

a,a’: Group A substance, b,b’: Group B substance, c,c’: 

Group O substance, d: reference run. |: galactosamine, 2 : gluco- 

samine, 3: galactose, 4: glucose, 5: mannose, 6: L-fucose. 


Of each of the group substances, 10 mg. were dissolved in 2 cc. of 
water and after sealing together with 500 mg. of the Dowex in a tube, 
heated in a boiling water-bath for 48 hours. When cold, the mixture 
was brought onto a suction funnel and the resin washed with 5 cc. of water. 
The filtrate and washing united (uncolored) were distilled in vacuo, and 
the residue was paper-chromatographed (Fig. 4A) in the descending 
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way with butanol-pyridine-water (5:3:2 by volume). The resin on the 
funnel was washed next with 3 cc. of 1 N HCl and the eluate was repeatedly 
evaporated in the manner often described in recent articles from this 
Institute to free from HCl as far as possible, that is, until a watery solution 
of a pH value higher than 2.0 was given. A chromatogram of the final 
residue was developed in the descending way as above with the same 
solvent (Fig. 4B). Detected were t-fucose, mannose, galactose, gluco- 
samine and galactosamine in all of the preparations. 

Quantitative composition 

As shown in Table III, the analytical figures of the components did 


TaBLe III 
Quantitative Composition of the ‘Urinary Group Glucidamins 


Figures express percentages. 





Group glucidamin 


Analysis = 

A B O 

N* 10.0 10.4 10.0 
Total hexosamines as glucosaminet 18.0 17.8 17.3 
ean ratio} | 2.6:1 3.4:1 3.1:1 
Galactose§ 7.7 9.3 7.1 
Mannose§ 9.8 8.8 8.1 
L-Fucose// ’ 2.4 2.8 6.4 
Sialic acid{ ps 4.6 6.0 
Amino acids:*** Glutamic acid 7.4 7.8 7.2 
Aspartic acid 8.8 75 8.7 
Glycine 5.0 4.5 4.5 
Serine 35 4.0 4.4 
Histidine 5.4 3.2 5.0 
Arginine 4.0 1.6 3S 
Alanine 29 2.6 2.8 
Valine 2.3 23 22 
Leucine and/or isoleucine as leucine | 5.9 5.6 4.8 
Threonine 2.6 3.1 33 
Tyrosine 1.6 1.0 1.8 
Ashtt Be. 1.0 0.96 


* Micro Kjeldahl. + Masamune and Yosizawa®). { Masamune and Yosizawa®) ; 
Kindly analyzed by Dr. Z. Yosizawa. § Masamune and Sakamoto’). // Masamune 
and Sakamoto). { Werner and Odin (with orcinol and by direct Ehrlich)®) ; Kindly 
analyzed by Prof. K. Turumi of the Fukushima Medical School, taking crystalline 
sialic acid from bull submaxillary gland as the standard. ** Masamune ef al.) and 
Masamune and Hakomori!. ++ Pregl method without use of H.SO,. 
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not differ generally beyond the limits of analytical error from one group 
substance to another, with exceptions following. 

1) The glucosamine/galactosamine ratio was highest in the B sub- 
stance and lowest in the A substance, coinciding with Leskowitz and 
Kabat’s! and Rondle and Morgan’s’”) findings in so far as the Group 
A and B substances are concerned, whereas Yamakawa!* disclosed the 
reverse relation in this connection between Group A and B “ globosides.” 

2) The t-fucose content of the Group O substance was far higher 
than the corresponding contents of the other group substances. 

3) The sialic acid contents were in the reversed order among the 
group glucidamins to the glucosamine/galactosamine ratios. 

4) Of the amino acids, histidine and arginine showed the most 
marked discrepancies from one group substance to another, the Group A 
substance being richest and the Group O substance poorest in them. 

Retention analysis 

It was made according to Wieland and Fischer’) and resulted as 
shown in Fig. 5 in harmony with the variation of the hexone bases con- 
tents of the group substances. 





~ 
: 





30 min. 
ae 








Cupric acetatc in tletrahydrofurane ~° 











Fig. 5. Diagram of the figure (x 2/5) after retention analysis of 0.5 mg. 
of the Group A (a), B (4) and O (c) substances, showing gaps of the copper 
field of different areas: (a) 15045 mm/2, (6) 12545mm?2, (c) 13545 mm?. 
Irrigation at room temperature. 

1—1’: tetrahydrofurane front, 2—2’: copper front. 


Physical properties 


Electrophoresis 
The group substances gave one single, reversibly-spread’®) boundary 
after electrophoresis in veronal buffer of pH 8.6 and I 0.2, in phosphate 
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buffer of pH 7.7 and I 0.2 and in acetate buffer of pH 4.6 and 10.2. The 
mobility of boundaries in the veronal buffer differed from substance to 
substance definitely, though little. (Fig. 6) Fig. 7 shows the example 
on the Group A substance of reversibility of the boundary spreading. 





L_—~» Anode 1 Anode 
Asc. Asc. 


Fig. 6. Electrophoretic patterns (x 4/5) of 1% solutions of Group A 
(a), B (6) and O (c) substances in veronal buffer pH 8.6, I 0.2 (I) and in acetate 
buffer pH 4.6, I 0.2 (II); current 8mA; temperature 4°C; exposure 60 
min. after starting current. | indicates the position of the starting boundary. 
(The patterns of the substances in the phosphate buffer are omitted.) 
Mobility in the veronal buffer : 
(—0.4) x 0.3 x 0.0092 


A -"36000.008 = 3:83 10° cm?volt/sec 
(—0.45) x 0.3% 0.0092 4 9, 16-5 centile 

B 3600 x 0.008 = —4,31 x 10 cm volt sec 
(—0.3) x 0.3 x 0.0092 
——— ) -5 2) / 

7 3600 x 0.008 2.87 x 10-5 cm?2/volt/sec 


Note that the conductivities were all the same. 


Ultraviolet absorption spectra 

35 mg% (w/v) solutions of the substances in water were examined in 
a modified Beckman spectrophotometer (Hitachi, EPB-U type). The 
spectra (Fig. 8) showed no significant deviation from one another, all 
possessing a peak at the wave-length of about 275 my due to cyclic amino 
acids. The peaks were shifted to a longer wave-length when the sub- 
stances were dissolved in 0.01 N HCl. However, when dissolved in 0.01 N 
NaOH, all of the substances showed a very diffuse absorption extending 
over the wave-lengths 245-305 mu. 


DIscussION 


In quantitative composition, particularly regarding the contents of 
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Fig. 7. Electrophoretic patterns (x 4/5) of 1% solutions of the Group 
A substance in verona! buffer of pH 8.6 and I 0.2 (I) and in acetate buffer of 
pH 4.6 and I 0.2 (II); temperature 4°C; current 8mA. (a) shows the 
starting boundaries, (+) the boundaries moved toward the anode in 60 


minutes after starting current (Ascending limbs to the left) and (c) the 
boundaries 60 minutes after reversing the current (Ascending limbs to the 


right). 


sugar components, discrepancies have been found among the urinary A, 
B and O group substances. Nevertheless, it looks unreasonable to judge 
that all the variances have connection with group activity, because 1) 
one and the same disaccharide can develop A and B group activities when 
attached to different aglycons or even when attached to the same aglycon,?!® 
and at that, group interconversion in vitro has been discovered to occur 
in group lipids, natural'”) and synthetical,?) and 2) there are numerous 
weak and strong group substances in nature, and those belonging to the 
same blood group A, B or O and of resembling potencies often do not coincide 
partially in composition. In other words, only some of the discrepancies 
above might be of significance in chemical! discrimination among A, B 
and O group activities, although the question which of them are the ones 
concerned in the activity will be answered only by exhaustive structural 
study and synthetical work with many oligosaccharides and simple non- 
sugar compounds as aglycons. 


SUMMARY 


1. An electrophoretical sedimentation apparatus was devised for preparative 
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20 %60 380 300 320 3% 560 Sto} 
Wave-length (mp) 

Fig. 8. Ultraviolet absorption spectra of 0.1% solutions in water of the 
Group A (—O—O-—), B (—A ) and O (—x—x—) substances and 
of 0.1% solutions in 0.01 N HCl (--A--A--) and in 0.01 N NaOH (-:--A--: 
4\:::) of the Group. B substance. (The spectra of the solutions of the Group 
A and O substances in 0.01 N HCl and in 0.01 N NaOH are omitted.) Cell 

1 cm. thick. 








Z \ 


fractionation. 

2. Blood group glucidamins A, B and O, which were essentially 
homogeneous electrophoretically, were isolated from human urine by the 
electrophoretical sedimentation method, and investigated chemically and 
physically. 

3. The A, B and O preparations pretty resembled one another in 
chemical composition, but differed in glucosamine/galactosamine ratio, 
and .-fucose-, sialic acid-, histidine- and arginine-content. 

4. The gap areas in retention analysis differed from one group sub- 
stance to another in accord with the various hexone bases contents. 

5. The substances taken up in veronal buffer of pH 8.6 disagreed 
with one another with respect to the boundary mobility in electrophoresis. 
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6. The significance of the discrepancies in composition is discussed 
in reference to variance of blood group activity. 


Through the Grant Committee for Scientific Researches the Ministry of 
Education gave a grant in aid to us, which is gratefully acknowledged. H. 
Masamune. 
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It is well known that a tuberculously sensitized individual comes to 
possess a state of specific tuberculous allergy generally affecting its whole 
organism which may be called humoral or generalized allergy, and this 
fact is utilized in clinical practice in distinguishing between tuberculously 
sensitized and non-sensitized individuals in the form of intracutancous tu- 
berculin reaction (the Mantoux’s reaction). It has, however, not yet 
been sufficiently studied whether in a sensitized case with present or past 
tuberculous foci the allergic states in the vicinity of such foci might show 
some different reactions from those in other portions distant from the foci. 
If such a difference of reaction in different portions is to be demonstrated 
by tuberculosis allergy tests.such as the intracutaneous tuberculin test, 
it should be most advantageous for study to select cases of a disease with 
its foci situated most near to the skin and not histologically disconnected 
from it, and moreover show a considerable activity, such as bone or joint 
tuberculosis. The author, based on such an opinion, and postulating 
that the reactions in the portions near to and distant from the foci should 
show some specific difference, has made experiments to compare the 
intracutaneous tuberculin reaction in the teguments of the foci and at 
portions distant from these since 1947,**)) and has succeeded in demon- 
strating that there is, in fact, such a difference. Nearly all the experiment- 
al procedures in this study have been carried out by my co-worker Dr. 
M. Kimura. 


EXPERIMENTAL 
Preliminary Experiments 


435 normal adult subjects, male and female, with their tuberculin 
reaction turned positive, were tested for the same reaction at 26 portions 
in different parts of the body. In these tests, 0.1 cc. each of old tuberculin 
diluted to 2,000 folds in volume was intracutaneously injected at the in- 
81 
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fraclavicular region, the mamillary region, the costal arch, the shoulder 
joint, the upper arm, the fore arm, the wrist joint, the intrascapular region, 
the sacroiliac region, the hip-joint, the thigh, the knee-joint, the lower 
leg, the ankle joint etc., always on both sides, right and left, symmetrically. 
The reaction 48 hours after the injection was as follows: the difference 
of the mean diameters of the reddened areas in the corresponding portions 
on both sides was below 3.0 mm. in most of the cases and 2.5mm. in 
average, except in the upper and the fore-arms, where the mean difference 
amounted to 3.1 mm., probably due to repeated tuberculin tests or BCG 
injections prior to the tests in question. From these preliminary tests, 
we could conclude that the intracutaneous tuberculin reaction in normal 
subjects rarely shows a difference exceeding 3.0 mm. in the mean diameter 
of reddened area in symmetrically corresponding portions of the body, 
except in the arms. 


Principal Experiments 


Taking 178 cases of non-tuberculous diseases of bone and joint and 
189 cases of bone and joint tuberculosis as subjects, 0.1 cc. of the old tu- 
berculin in 2,000 fold dilution was injected into the skin 1) covering the 
foci, 2) on the exactly corresponding portion on the contralateral side 
(when the focus was in the vertebrae, in the skin over a healthy vertebra 
at a distance from it) and 3) on the volar side of the forearm. The mean 
diameter of the reddened area was measured 48 hours after the injection 
and the difference in diameter between the healthy and the affected side, 
expressed in mm, was taken as the value of the focal tuberculin reactions 
(hereunder referred to as FTR). When the diameter was larger on the 
affected than on the healthy side, the value was signed (+) and when 
vice versa (—). Since the difference by sides is below 3.0 mm. in normal 
cases as shown in the preliminary experiments, the FTR values between 
+ 3.0 and 0 were considered indifferent and expressed as FTR (ind.) and 
values exceeding +3.0 were taken as significant and expressed as FTR 
(dif. +) or FTR (dif.'—). 

The results of this experiment were as follows (Table I). In the 
group of non-tuberculous cases, 145 or 81.5% of the total 178 had FTR 
(ind.), only 5.6% FTR (dif. +) and 12.9% FTR (dif. —). If from these 
cases of FTR (dif.), 38 cases with rheumatic diseases with rheumatic foci, 
which in themselves are taken to be, in a sense, special states of tuberculous 
allergy, because of its essential influences upon the local allergy are ex- 
cluded, the rate of FTR (ind.) among the non-tuberculous cases of bone 
and joint rises to 86.4°% and the rate of FTR (dif. +) is reduced to 4.3% 
and that of FTR (dif. —) to 9.394. Among these rheumatic cases, the 


rates are found to be FTR (ind.): 63.1%, FTR (dif. +): 10.5% and 
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FTR (dif. —): 26.3%. This heightened rate of FTR (dif.) in the 
rheumatic cases seems to possess a specific significance. 

The FTR for 189 cases of bone and joint tuberculosis showed a 
reduced rate of (ind.) of 45.5%, while those of (dif. +) and (dif. —) rose 
to 37.0%, and 17.5% respectively or 54.5% (dif.) in total, a percentage 
nearly triple of that of non-tuberculous cases (18.59%) (Table II). Above 
all it must be noted that in many of the FTR (dif.) cases in these tubercu- 
lous patients, the difference itself fluctuates rather widely: the cases with 
FTR (+) values between 5.1 mm. and 7.0 mm. (FTR + in our termino- 
logy) occupying 9.6%, with the values between 7.1 mm. and 9.0 mm. 
(#+) 7.4% and those with the values over 9.1 mm. (##) ranging at 7.4%, 
a finding much dissimilar to that obtained with non-tuberculous cases. 

The above results suggest that our FTR could be considered to be 
a quantitative indicator of the specificity of tuberculous foci in joints and 
bones. The fact that the luetic osteoarthritis, a specific chronic inflam- 
mation with a certain affinity to tuberculosis, and chronic suppurative 
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FTR in Non-tuberculous Diseases 





Cases of non-tuberculous diseases | 


Py Fat |. 





= | a M4 | | 
S| |../8¢4 5 = ig | 
a | | O ci o.2 3 | | & 3 3 [> | of 
ee S| |3 | \S2) = of |§ Ig = 
albBl|alei oo (sees, 8) 2/2 | 8s {2 
ei-~ 1/318) Sa IS SSCSslelS.16. | | 
= 13/8) 5| 8? ARS ses SiGe] Se isel z 
o ¢ a & | & Sie Si0 5; 8 85] 68 6 Ss 
mm. | > B/f\e| 88 |SeR8ie8 FE iS&)/ 238 Ba! 3 | 
Sinl|m|<t as wsesea cg es Os OS & 
| | 1 | 1 | 06 
1 | | | | | | 1 | 06 
mam +7 - } | | | | | | | 5.6 
2 i os 2 | Ll 
> | 
1) ep Ref | 1| 6 | 34 
oe 3 . » = Ce aoe | 
, | ; | ; | | | | 
Ind. O— 24 18/25/12] 29 | 5/10] 1] 2] 4] 1 | 14/145 | 815 
= a |_| |_| __ 
6 | 2 Poet ee 1 | 1] 13 173 
5 — | | | | 
2>1/ 1 1 | | 5 | 28 
Dif. — 7 — = | | | 129 
| oda Bey: 
9 — } | 
1 } a} 2 | a 
Total 38 20/31|12| 32 | 7/10} 2| 2| 4] 2 | 18| 178 100 














84 S. Iino 


TaBLeE II 
FTR in Bone and Joint Tuberculosis 





| Tuberculosis of the 
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osteomyelitis cases show FTR (ind.) in nearly all cases, as shown in Table 
I, seems to emphasize this specificity for tuberculosis of this reaction. 
Next, upon examining the change of FTR values according to the 
stage of the disease in 21 cases of tuberculous osteoarthritis whose current 
stage were apparent, it was found that among those in the initial stadium, 
50% had FTR (ind.), 33.3% (dif. +) and 16.7% (dif. —), while in the 
florid stadium the rate of FTR (ind.) fell to 26.8% and of (dif. —) to 0.0% 
while that of FTR (dif. +) rose to 71.5°%, and in the rest stadium, FTR 
(ind.) rerose to 66.7% ‘while FTR (dif. +) fell to 33.3% and FTR (dif. 
—) remained negative. Here, we see that FTR (dif. —) appears only 
in the initial stadium, FTR (dif. +) cases increase sharply in the florid 
stadium and redecrease in the rest stadium while FTR (ind.) increases 
in rate, a few seemingly indicating a parallelism between the local tubercu- 
lin allergy and the clinical progress of the disease. The nature and the 
conditions of the granulation tissue or fistula formation at the local focus 
also show an approximate parallelism with the FTR values. We have 
also investigated the serial changes of the FTR values by repeating the 
tests in all of 11 tuberculous osteoarthritic patients, and found that the 
FTR values begin to rise from the negative side in the intial stage to attain 
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the maximum values in the florid stage and gradually turn to FTR (ind.) 
in the rest stadium, the right and left difference finally disappearing. 

There was nearly no correlation perceptible between the blood sedi- 
mentation rate and FTR, endorsing the assumption of different factors 
responsible for these two phenomena respectively. 


Supplementary Experiments 


For the purpose to examine the possible influence upon the difference 
in FTR as stated above of non-specific responses of the tissue accompany- 
ing the process of focus formation, not representing specific, and local 
antigen-antibody reaction, such as exsudative process due to the abnormal 
capillary permeability, or changes of local diffusion or resorptive function, 
the following tests were made. 

1) Capillar fragility test. Simultaneously with the FTR tests, tests 
for the capillary fragility (C-F) according to the method of Borbély were 
applied at neighboring portions. It resulted, as shown in Fig. 1, that 
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Fig. 1. Relation of the local capillar fragility (C-F) to FTR. 
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there was neither quantitative nor qualitative interrelation between the 
C-F and the FTR (+) or (—), though the C-F usually showed rather 
large difference between the affected and the healthy side. 

2) Resorption test. The disappearance time of intradermally in- 
jected salt solution was investigated according to MacClure and Aldrich’s 
method and the results were correlated with the results of simultaneous 
FTR tests, but no interrelation was perceptible between them. 

3) Diffusion test. The local skin diffusion was tested by injection 
of trypan-blue to ascertain the possible correlation with the results of 
simultaneous FTR tests, but no such correlation, either quantitative or 
qualitative, was found to exist. In 8 tuberculous cases of FTR (dif. +) 
the results of trypan-blue diffusion appeared equally distributed on both 
the positive and the negative sides. 


DIscussION 


From the above experiments, we might conclude that FTR possibly 
appears in parallel with the local changes in the foci of tuberculous osteo- 
arthritic cases, though with a certain lag in time. From this fact we can 
derive the value of this test in clinical practice, and we can, in fact, point 
to many cases where this method was of service in differential as well as 
focal prognostic diagnosis as we have reported elsewhere.*).® 

In the literature, we find scarcely any detailed description concerning 
the local specific tuberculin reaction of the foci, as given in the above. 
We can only point to a report of L. Pouyanne’ in 1939 in which he 
states that the tuberculin reaction works stronger in the skin of the affected 
side in synovitis cases, and in Japan, to a report by Okaya® in 1942 about 
a case where the tuberculin reaction appeared in a stronger degree on 
the skin of a tuberculous abscess than on the corresponding portion on 
the healthy side, and to another report by Okazaki®) in 1943, in which 
he remarked that in some cases the results of tuberculin reactions tests 
were more strongly positive on the affected than on the healthy side in 
osteoarthritic tuberculosis cases. 

The author wishes to propose the following interpreations as to the 
nature of the FTR. It is accepted that the commonly practiced intracu- 
taneous tuberculin reaction tests involve an antigen-antibody reaction 
closely related to the so-called Arthus phenomenon. The factors con- 
troling the strength of an antigen-antibody reaction are thought to com- 
prise 1) the strength of the antigen, 2) the strength of the antibodies and 
3) the susceptibility of the local tissue to the reaction, the three items as 
a whole or a combination of any two items determining the strength of 
the resultant reaction. The stronger manifestation of FTR in the focal 
area must also be attributed to the stronger effect of any or all of the 
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above three factors. Considering the specificity of tuberculous FTR 
manifestation, we have to exclude the heightened susceptibility of the 
local tissue (3 above) and take only the factors 1) and 2) as contributing 
to the determination of the strength of the FTR by their relative quantity. 
When both the antigen and antibodies are extremely weak, the resultant 
reaction between the two will also be weak, when the antigen is incommen- 
surately stronger, the reaction will result in a strong inflammation but 
the specificity will be lost and closely approximate a normelgic reaction, 
and when the antibodies are stronger than the antigen beyond all pro- 
portion, the reaction will be strangled before any manifestation could 
take place. Only when an adequate quantity of antigen comes into 
contact with an adequate quantity of antibodies, a strong and _ specific 
reaction will be brought forth. Since in FTR tests, the supplied antigen 
is constant and consists of 0.1 cc. of 2,000th dilution of tuberculin, though 
the antigen in this case is apt to stagnate in the portion of injection due 
to the Menkin-Fox effect®’”) and causes a protraction of contact time, 
the strength of the antigen remains nearly constant throughout, and the 
factor fortifying the local specific reaction must be sought in a heightened 
strength of the local anti-tuberculous antibodies. This heightening in the 
strength or the quantity of antibodies in the tissues near the foci is at- 
tributable to the accumulation of specific substances in inflammatory loci, 
first ascertained with dyes, bacilli etc. by Menkin,”) and may better be 
explained by existence of such an accumulating tendency of antibodies 
in the circulating blood, as demonstrated by Fox.) Furthurmore, Amano’s 
study” on the subject has set a production of antibodies in tuberculous 
foci beyond doubt. In particular, the occurrence of medullar intervention 
and hyperplasia of the adventitial system in osteoarthritic tuberculosis 
seems to act as a factor in further heightening the density of the local 
antibodies. The local antibodies thus amplified by accumulation and 
proliferation will adhere to the cells, chiefly mesenchymal cells, in the 
vicinity of the foci and thence may sometimes flow into the humor, but 
it is unquestionable that the density and the strength of the antituberculous 
antibodies in the vicinity of the foci are distincty higher than those of 
the humoral generalized antibodies. While these antibodies are subject 
to strong consumption at the focal reaction field, the elaboration of antigen 
with locally infesting bacilli and tuberculous tissues promotes also active 
production of antibodies and the humoral somatic antibodies will tend 
to accumulate near the focus keeping pace with intensification of the 
inflammatory change. Thus, it may be assumed that these antibodies 
are particularly densely adhered to the adjacent tissues immediately con- 
nected with the foci. If, in such cases, the proliferation of local anti- 
bodies is hampered by some cause and the local inflammation is especially 
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intense, the local antibodies will be used up and the local tuberculin reaction 
will be enfeebled, probably leading to negative FTR results. In such 
cases, a vehement distruction of tissues may deteriorate reaction activity, 
and this also occasions negative results in FRT tests. This last kind of 
negative results indicate the state of negative anergy in FTR, which is 
observed sometimes not only in tuberculous cases but also in acute sup- 
purative osteomyelitis cases etc. 

The cases of such negative FTR are of comparatively rare occur- 
rences, and as in most cases of osteoarthritic tuberculosis a state of relative 
surplus of antibodies is occasioned in the tissues around the foci, it is easily 
comprehensible that the part of the skin that is perfused by the blood, 
the tissue fluid and the lymph that come from or pass near the foci and 
is histologically in direct connection with the latter has a higher density 
of antibodies in it than in other parts of the body. Thus, it may be de- 
duced that the FTR (dif. +) cases represent a state where a constant 
amount of tuberculin is in contact with antibodies in higher concentration 
in the affected part than in the healthy sites where only generalized somatic 
antibodies are found. The indication of (dif. —) FTR sometimes ob- 
served in the initial stadium of tuberculosis seems to mean the state of 
weakened tuberculin reaction due to the consumption of antibodies to 
subnormal levels by the localized tuberculous bacilli and the tuberculous 
focal antigen, before the proliferation of the antibodies is allowed to take 
place. 

As the reasons why the difference in FTR is distinct only in bone and 
joint tuberculosis and not so in other tuberculosis cases, such as pulmonary 
tuberculosis, may be mentioned: 1) Whereas the foci in osteoarthritis 
tuberculosis are usually situated close to the skin and are histologically 
connected with the latter, the pulmonary foci are separated from the 
skin by the pleural cavity etc., 2) the osteoarthritic foci are at a com- 
paratively large distance from the lungs and other major splanchnic organs 
and are little subjected to the influence of foci in such organs and 3) we 
can always select an exactly symmetrically corresponding portion on the 
healthy side as a control. 

That FTR is not caused by the difference of susceptibility of the local 
tissue and that it shows a high specificity has been assured by the absence 
of the interrelation of FTR with the local capillary fragility, the tissue 
absorption and diffusion, as has been demonstrated in our auxiliary ex- 
periments, and consequently, we believe we can ascribe a significance to 
FTR as a test for a local reaction specific to tuberculosis. 


SUMMARY 


1. The author has ascertained that the tissues, especially the skin, 
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in the neighborhood of the foci in osteoarthritic tuberculosis cases are in 
a state of localized tuberculous allergy specifically different from that in 
tissues distant from the foci, and the significance of the Focal Tuberculin 
Reaction (FTR) was discussed. 

2. The intracutaneous tuberculin reaction test applied in the skin 
over a focus of osteoarthritic tuberculosis resulted in a reaction much 
different in degree from that on the healthy area, and this difference was 
found to change parallelly with the progress or the stages of the disease. 
Thus, a test for this difference of FTR is deemed clinically serviceable in 
differential and prognostic diagnosis. In non-tuberculous orthopedic 
diseases such a difference of FTR was scarcely observable, except in 
rheumatic cases. 

3. As to the nature of such a difference in FTR, the author’s opinion 
is that it represents a difference in the strength of the reaction owing to 
a difference in ratio of the antigen to the antibodies in and around the 
focus. Another factor, a difference in susceptibility of the tissues to the 
reaction was also considered, but this was found insignificant, both clini- 
cally and experimentally. 

4. From the above results, we are justified in concluding that FTR 
is a specific manifestation of the antigen-antibody reaction in the focus 
of osteo-arthritic tuberculosis. 
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It is a wellknown fact that changes of arterioles leading to increased 
peripheral resistance play an important role in the mechanism causing 
the hypertension and that they are accompanied more or less by alteration 
of the function of the adjacent capillaries, in particular with that of capil- 
lary permeability. The investigation on the functional changes of arterioles 
and capillaries in hypertension may contribute to the solution of the con- 
troversial problem concerning the nature of the disease. 

Although a great series of studies has been made on the changes of 
the capillary permeability for water and protein (Morawitz and Denecke,” 
Yamaguchi,”*) Landis,®) Suto*), Kiichmeister,® etc.), as yet little works 
have been done on those in hypertensive diseases in details, and there 
are no definite results from them. With respect to this problem the 
present investigation has been undertaken, in the first to measure the 
changes in the capillary permeability for water, protein and protein frac- 
tions in hypertensive diseases. 


EXPERIMENTAL 
Method of Experiments 


Capillary permeability of the forearm was examined in a condition 
of congestion under the compression of the upper arm with the Riva- 
Rocci’s cuff at a pressure of 60-80 mm. Hg during 15-30 min. according 
to Landis’s method*) in 41 hypertensive patients including essential hyper- 
tension, glomerulonephritis and nephropathia gravidarum, the control 
observation being made with 13 normal adults. Classification of essential 
hypertension was made according to Nakazawa.®’ 

The permeability of fluid and protein was calculated by following 
formula®? : 
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Fluid loss (F) cc./100 cc. blood =100—Ht, x 100/Ht, 
Protein loss g./100 c. blood = 
[P; x (100—Ht,)/100]—[P, x (100—Ht, —F) /100] 

Ht,, Ht, and P,, P, indicate hematocrit readings in % and plasma 
protein in g/dl before and after congestion, respectively. 

The permeability of protein fractions was calculated according to 
Geyer and co-workers,” as follows: 

Each protein fraction loss g./100 cc. blood = 

[Pr; x (100—Ht,)/100]—[Pr, x (100—Ht,—-F) /100] 

Pr, and Pr, indicate each protein fraction (albumin, «-, B-, y-globulin 
and fibrinogen) in g/dl before and after congestion, respectively. 

Blood samples heparinized, were taken before and after congestion. 
In each sample, hematocrit reading was measured by Kato’s micromethod, 
hemoglobin content by Shigiya’s method,*’ plasma protein with Pulfrich’s 
immersion refractometer, protein fractions by Tiselius’ electrophoresis 
estimating in descending limb with the use of phosphate-buffer of 0.144 
ionic strength. 


Results and Discussions 


1. Fluid and protein losses 

Congestion at the pressure of 60 mm. Hg during 15 min. was applied 
in 22 cases: 6 normal adults, 5 benign stage, 5 intermediate stage, | 
malign stage of essential hypertension, 3 chronic glomerulonephritis and 
2 nephropathia gravidarum, all with hypertension. 

As shown in Fig. 1, which indicates the changes in relation to the 
content of blood hemoglobin, the fluid and protein losses in normal sub- 
jects were around 8 cc. and Og., respectively, but of 3 cases of chronic 
glomerulonephritis two showed increased fluid and protein losses, in the 
other one only fluid loss was increased. It is clinically noticeable that 
former 2 cases with less hemoglobin content of blood died shortly after 
experiment, while the remaining one having nearly normal hemoglobin 
concentration showed better prognosis. 

Fluid and protein losses were not increased in hypertensive ne- 
phropathia gravidarum, but increased in malign hypertension. The 
changes in benign or intermediate stage of essential hypertension were 
almost normal: one case in intermediate stage, in which both fluid and 
protein losses were increased, was complicated with a moderate diabetes 


mellitus. 

The changes under congestion at 80 mm. Hg during 15 min, are 
illustrated in Fig. 2. Fluid and protein losses were 9-18cc. and 0-0.25 g., 
respectively in 4 normal adults; they were increased in 3 cases of chronic 


glomerulonephritis, while both not increased in 3 of malign hypertension 
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Fluid loss (F) cc./100 cc. blood =100—Ht, x 100/Ht, 
Protein loss g./100 c. blood = 
[P, x (100—Ht,)/100]—[P, x (100—Ht,—F) /100] 

Ht,, Ht, and P,, P, indicate hematocrit readings in % and plasma 
protein in g/dl before and after congestion, respectively. 

The permeability of protein fractions was calculated according to 
Geyer and co-workers,”) as follows: 

Each protein fraction loss g./100 cc. blood = 

[Pr, x (100—Ht,)/100]—[Pr, « (100 —Ht,—F) /100] 

Pr, and Pr, indicate each protein fraction (albumin, «-, B-, y-globulin 
and fibrinogen) in g/dl before and after congestion, respectively. 

Blood samples heparinized, were taken before and after congestion. 
In each sample, hematocrit reading was measured by Kato’s micromethod, 
hemoglobin content by Shigiya’s method,*) plasma protein with Pulfrich’s 
immersion refractometer, protein fractions by Tiselius’ electrophoresis 
estimating in descending limb with the use of phosphate-buffer of 0.144 
ionic strength. 


Results and Discussions 


1. Fluid and protein losses 

Congestion at the pressure of 60 mm. Hg during 15 min. was applied 
in 22 cases: 6 normal adults, 5 benign stage, 5 intermediate stage, 1 
malign stage of essential hypertension, 3 chronic glomerulonephritis and 
2 nephropathia gravidarum, all with hypertension. 

As shown in Fig. 1, which indicates the changes in relation to the 
content of blood hemoglobin, the fluid and protein losses in normal sub- 
jects were around 8 cc. and Og., respectively, but of 3 cases of chronic 
glomerulonephritis two showed increased fluid and protein losses, in the 
other one only fluid loss was increased. It is clinically noticeable that 
former 2 cases with less hemoglobin content of blood died shortly after 
experiment, while the remaining one having nearly normal hemoglobin 
concentration showed better prognosis. 

Fluid and protein losses were not increased in hypertensive ne- 
phropathia gravidarum, but increased in malign hypertension. The 
changes in benign or intermediate stage of essential hypertension were 
almost normal; one case in intermediate stage, in which both fluid and 
protein losses were increased, was complicated with a moderate diabetes 
mellitus. 

The changes under congestion at 80mm. Hg during 15 min. are 
illustrated in Fig. 2. Fluid and protein losses were 9-18 cc. and 0-0.25 g., 
respectively in 4 normal adults; they were increased in 3 cases of chronic 
glomerulonephritis, while both not increased in 3 of malign hypertension 
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Fig. 1. Relation between fluid loss and protein loss under congestion 
at 60 mm. Hg during 15 min. 
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Fig. 2. Relation between fluid loss and protein loss under congestion at 
80 mm, Hg during 15 min. 
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protein loss had arrhythmia or myocardial damage with slight edema. 

Next, severe congestion with 80mm. Hg pressure was carried out 
for 30 min. in 23 cases: 7 normal adults, 8 benign stage, 2 intermediate 
stage of essential hypertension, 2 malign hypertension and 4 hypertensive 
chronic glomerulonephritis. In this series of experiments, the changes 
varied widely in normal subjects showing 8—22 cc. of fluid loss and 0-0.35 g. 
of protein loss, and in almost all kinds of hypertensive patients, both were 
involved in the same range, except one case of advanced glomerulone- 
phritis with remarkably increased fluid and protein losses. It may be 
suggested that in a severe and protracted congestion test such as this 
experiment, it is difficult to find the differences of permeability in each 
stage of hypertensive diseases. 

From those observations it may be argued that the changes of fluid 
and protein losses in benign or intermediate stage are in general nearly 
normal, though both increase slightly in one case of intermediate stage 
with diabetes mellitus and 3 cases of benign stage showing mild edema 
with cardiac damage. Kiichmeister®) inferred that investigating with the 
method of Landis on 9 essential hypertension, fluid and protein losses 
were almost normal in cardiac compensation, while both increased slightly 
in decompensation. But, Suto*) observed that fluid and protein losses 
increased slightly in benign stage as compared with normal subjects in 
the experiment with the same method. 

On the change of capillary permeability in malign hypertension, 
Suto* remarked decreased fluid and protein transfer, while Kiichmeister®? 
found increased protein loss despite of rather little fluid loss in 3 cases of 
malignant nephrosclerosis. In my investigation, any increase neither in 
fluid loss nor in protein loss could be confirmed in 3 malign hypertension 
with lowered hemoglobin level of blood in the second series of experiments, 
and increase of both losses was seen only in one case of the first series, con- 
trary to nephritic hypertension with also reduced hemoglobin content of 
the blood, in which both fluid and protein losses were apparently aug- 
mented. 

In chronic glomerulonephritis, Sarre and Sostmann,*) Kiichmeister,”? 
and Mukai!®) remarked an increased permeability for fluid and protein, 
while conversely Suto*) observed a decreased fluid and protein losses. 
But these investigators have not referred to the presence of hypertension. 

There are closely similar clinical pictures between malign hypertension 
and advanced hypertensive chronic glomerulonephritis, and it is often 
difficult to differentiate them. Now, the difference in the feature of 
capillary permeability for fluid and protein, as above mentioned, may 
be regarded as a reliable criterion for the differential diagnosis of the 
both diseases. It is presumed that there exists a difference properly on 
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capillary function between both diseases which have different pathogene- 
sis, but it has been neglected and not yet sufficiently studied. Yama- 
guchi®”) observed a different change in the capillary function between 
malign hypertension and renal hypertension, when he compared the 
changes in capillary permeability following the interruption of the blood 
stream after beforehand hanging down the upper arm for 30 min. with 
that without such previous manipulation; he attributed this difference 
to the degree of the tissue damage. Kozasa and co-worker" point out 
that in essential hypertension there were seen chiefly thickening of intima, 
especially of media in arteriolar wall, while hypertensive chronic glome- 
rulonephritis shows frequently changes in capillaries. Further comparative 
studies on capillary function in both diseases are needed. 

In the present investigation no close relation between capillary per- 
meability and edema could ascertained. Relatively increased capillary 
permeabilities for fluid and protein were seen in some of the benign hyper- 
tension with edema, but not in the other cases of the same category. Also 
Fishberg!?) mentioned that capillary permeability increased very little or 
not at all in cardiac edema. In present investigation any correlation 
between these changes of permeability and electrocardiographic change, 
plasma protein content and systolic or diastolic blood pressure could not 
be observed. According to Landis,*) fluid loss was not proportional to 
an increase of venous pressure. It is naturally suggested from my ex- 
periments in normal subjects that permeabilities of fluid or protein increase 
as congestion becomes excessive and durates long. 

There exists a correlation between fluid loss and protein loss above 
the range of about 10 cc. in fluid loss, as shown in Fig. 3. This finding 
is similar to the views of Geyer”) and Kiichmeister.!*) Recently Kiich- 
meister) infers that the fluid and protein losses are different function, 
but from my experiments it could not conceived that the passage of fluid 
through the capillaries depends only upon the pressure, as he insists. 

As hematocrit value increases almost always more than hemoglobin 
content of the blood during congestion, it seems that the fluid loss of blood 
comes almost from plasma, not from erythrocytes; thus, indicating the 
application of Landis’s formula as reasonable.®? 

2. Permeabilities of albumin and globulin fractions 

In order to elucidate the problem, which fractions of blood protein 
are transferred from blood to tissue through the capillary wall, simultaneous 
estimation of the protein fractions with above experiments was performed 
in 61 cases in total: 15 normal, 36 essential hypertension, 8 hypertensive 
chronic glomerulonephritis and 2 nephropathia gravidarum with hyper- 
tension. 

In them, protein loss was 0g. in 24 cases, and 0.01—2.05 g. in remaining 
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Fig.3. Correlation between fluid loss and protein loss. 
O---congestion at 60 mm. Hg 15 min. 
X-++-congestion at 80 mm. Hg 15 min. 
A:-congestion at 80 mm. Hg 30 min. 


37 cases, of which in 14 cases it was below 0.2 g. and in 23 cases above 
0.2 g. It has been ascertained that in the cases showing protein loss above 
0.2 g., not only albumin but also globulins and fibrinogen are transferred 
through capillary; especially in the cases with excessive protein loss, the 
ratios of fractions in the capillary filtrate were almost similar to those in 
plasma before stasis, so that each fraction of the blood are transferred in 
the same ratio as in the blood. Thus, in those cases with augmented protein 
permeability of the capillary wall, the phenomen of so-called “‘ Proteinurie 
ins Gewebe ”’?):!5) is observed. In the cases with protein permeability 
below 0.2 g., chiefly albumin was transferred to the tissue; other fractions 
in the capillary filtrate ‘was very little, within the range of error in the 
determination by electrophoresis. 

Geyer and co-workers?) investigated the capillary permeability for 
fluid and protein by Landis’s method under the condition of 80 mm. 
Hg and 30 min. in 12 cases of various diseases, and ascertained the passage 
of albumin and «- globulin in 3 cases indicating the protein loss in the 
range of 0.21-0.31 g., and the passage of all fractions in the cases with 
the loss above them. Similar observation was also confirmed by Auers- 
wald,!®) while no definite findings could be obtained by a series of investi- 
gators. (Waterfield,'!?) Landis,*) Watanabe,'*) Kiichmeister and Taube,!* 
Mukai,!” Sano’ and Tanaka?®’, etc.) 
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As Landis* observed in 2 of his 4 congestion experiments that the 
percentage increase of globulin in the congested blood exceeded that of 
albumin, he suggested that chiefly albumin is transferred through capil- 
laries, while a diverse reaction was seen in other 2 cases. When his ex- 
perimental data are recalculated following above formula I adopted, it 
is recognized that both albumin and globulin are transferred, albumin 
passage to the tissue being stronger in all cases. Similar results were 
obtained quantitatively after recaluculation of the experimental data of 
Plass and Rourke,?!) and Tanaka.?°) 

It is of great interest that the passage of protein fractions in serum 
out of the vessels, i.e. ‘‘ Proteinurie ins Gewebe” has been confirmed 
similarly by various investigators in details in electrophoretic studies on 
edema fluid,*-**) cantharidin blister,!®?®) pleural effusion,****) ascites,?°) 
urine?*27) and intra-ocular fluid,?® etc. 

In the present estimation it has been confirmed that the changes in 
the capillary permeability of protein fractions show no difference between 
the type or stage of the hypertensive diseases, and that they depend ap- 
parently on the intensity of protein loss. 

Further the permeabilities of Na, Cl, K and Ca, and the change in 
plasma pH during stasis have been simultaneously measured in above 
experiments in our Laboratory.”®) It has been found that in all forms 
of hypertension, those electrolytes passed unselectively through the capillary 
wall in proportion to fluid loss, similarly to normal subjects, and the change 
in plasma pH was insignificant, showed no fixed trend. 


SUMMARY 


1. The capillary permeabilities for fluid, protein and its fractions in 
plasma were estimated in 41 hypertensive patients including essential 
hypertension, chronic glomerulonephritis and nephropathia gravidarum 
together with 13 normal adults, under the congestion brought about, 
according to Landis’s method, with pressure of 60 or 80 mm. Hg for 15 
or 30 min. 

2. The fluid and protein losses through the capillary wall during 
the congestion in benign or intermediate hypertension were in general 
similar to normal. Neither fluid nor protein losses were augmented in 
malign hypertension and hypertensive nephropathia gravidarum, con- 
trary to hypertensive chronic glomerulonephritis with also similarly de- 
creased hemoglobin content of the blood, in which increased fluid and 
protein losses could be confirmed. 

3. It could not be ascertained any correlation between fluid or 
protein losses and edema, electrocardiographic change, plasma protein 
content or systolic and diastolic blood pressure. 
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4. A correlation existed between fluid loss and protein loss above 
the range of about 10 cc. per 100cc. blood in fluid loss. 

5. In the cases showing protein loss above 0.2 g. per 100 cc. blood 
the ratios of protein fractions in capillary filtrate were almost the same 
with that in plsma before stasis. Below 0.2 g. chifly albumin was trans- 
ferred to the tissue. These changes did not differ between the type or 
stage in hypertension, and depended on the intensity of protein loss. 


Part of this paper was presented at the 19th annual meeting of the Japanese 
Circulation Society at Kyoto, April 1955. The expense of this study was in 
part defrayed by Grants in Aid for Fundamental Scientific Research and also 
by that for Medical Research, Welfare Ministry. 
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